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TECHNICAL CONTENT STATEMENT 


"This report was prepared as an account of work sponsored by 
the United States Government. Neither the United States nor the 
United States Department of Energy, nor any of their employees, 
nor any of their contractors, subcontractors, or their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completness or 
usefulness of any information, apparatus, product or process 
disclosed, or represents that its use would not infringe privately 
owned right." 
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ABSTRACT 


This effort involves the design, fabrication, delivery, 
operation and maintenance of an HPC 1250 KVA geothermal power 
conversion system using a helical screw expander as the prime 
mover. The delivery of the power conversion system was made to 
the Jet Propulsion Laboratory for evaluation and demonstration 
with geothermal energy consisting of hot, untreated, corrosive 
scale-forming brines and/or vapors, including the total flow from 
geothermal wells of such brines and/or vapors. 
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SUMMARY 


This effort relates to the design, fabrication, delivery, 
operation and maintenance of a Hydrothermal Power Co., Ltd. (HPC) 
1250 KVA Geothermal Power Conversion System, suitably adapted by 
HPC for testing and evaluation by the Jet Propulsion Laboratory, 
California Institute of Technology ( JPL) . 

The system was designed, engineered, and patterned after a 
62.5 KVA Power Conversion System previously developed and success- 
fully tested by HPC. The design incorporated Background Patents, 
Know-how, and Proprietory Rights previously developed and owned by 
Roger Sprankle and HPC. HPC staff and personnel participated in a 
preliminary system design review held at JPL covering the 1250 KVA 
Geothermal Power Conversion System. 

The Power Conversion System fabrication included the planning 
of a fabrication sequence starting with the early issuance of pur- 
chase orders for long lead time items and concluding with satis- 
factory acceptance testing by "PL. The issuance of purchase 
orders followed competitive bidding. Fabrication included: (1) 
securing of a Vibration and Torsional Analysis; (2) establishment 
of a Quality Assurance Program; and (3) the development of a 
Property Control Procedure, acceptable to the O.S. Government. 

To assist in the evaluation process. Calibration and Per- 
formance data for both the Speed Reducer and Alternator were 
obtained. 

Copies of the manufacturers' manuals or instructions for each 
major assembly or sub-assembly were obtained in so far as avail- 
able. 
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HPC also provided engineering services to JPL for the purpose 
of: (1) planning for support and interface equipment to be 
provided by JPL to be used in testing and evaluation; (2) the 
selection of a geothermal test site suitable for performance 
evaluation; and (3) the development of detailed plans for site 
preparation and performance evaluation of the Power System. 

Following fabrication of the Power System, hydrostatic 
testing of the process piping and prime mover housing was 
successfully accomplished at the iiPC facilities, after which 
acceptance testing was commenced. During the ac “ptance testing 
procedures, four equipment failures were experienced. Acceptance 
testing was successfully concluded and the System formally 
delivered on December 4, 1977. 

A survey of geothermal well sites was concluded with the 
selection of well No. 54-3, owned by Phillips Petroleum Co., and 
located at Roosevelt Hot Springs, near Milford, Utah. 

Following on-site inspection of the well and test facilities 
at Roosevelt Hot Springs, a pre-engineered metal "Butler Building" 
was ordered, and the Power Conversion System was shipped to Utah. 
The Power System was then installed and assistance given to the 
JPL Principal Investigator, Dr. Richard A. McKay, covering details 
of the testing and evaluation. The operation of the Power System 
in Utah for the purposes of testing and evaluation by JPL was 
concluded on November 14, 1979. The Power Sy'^tem and related 
support and test equipment was shipped to Cerro Prieto, Mexico, on 
December 1, 1979. 


vi 



IN' RODUCTION 


The exploitation of Geothermal Energy is included among the 
efforts of the U.S. Government to resolve the critical energy 
needs of its citizens. Geothermal Energy is known to exist in the 
form of dry-steam which is rare and easily developed. However, 
Geothermal Energy exists more abundantly in the form of hot 
mineralized water wells. Until the development of the Helical 

Screw Expander, exploitation of hot water resources had been 
seriously hampered because no suitable prime mover was available 
for use with the fluids from these wells. It has been necessary 
to produce a vapor to drive a turbine, either by flashing part of 
the brine to steam, as is done at Cerro Prieto, Mexico, or by 
boiling a secondary fluid in a heat exchanger. In the steam 
flashing process, much energy is lost in the waste hot brine which 
flows from the steam separators. Although hot mineralized water 
wells are common, advanced technical development is required to 
overcome not only the scaling, corrosive, errosive characteristics 
of the waters, but also the hostile environment in which roost of 
these hot waters are found. 

New technology has been developed by Hydrothermal Power Co., 
Ltd. (HPC) in extensive research resulting in Patents, Know-how, 
and Proprietory Rights developed in connection with a prototype 
62.5 KVA Power System. The prototype HPC Power System utilizes 
the helical rotory screw expander design as a prime mover driv- 
ing a conventional 62.5 KVA generator at speeds controlled by 
a governor. The prototype HPC Power System is portable and 
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intrinsically self-cleaning in the rotor areas. It is capable of 
using the liquid-vapor mixture as it comes directly from tlie well. 
The prototype unit was successfully tested by operating directly 
on hot, untreated, corrosive scale forming brines and vapors from 
wells located at; Cerro Prieto, Mexico (M-7) (M-10); East Mesa, 

near El Centro, California (62-1); and a geothermal well near 
Niland, California (Sinclair #4). 

The HPC prototype 62.5 KVA power system was the first known 
power generator to use the total flow of hot untreated brine and 
vapors directly from a geothermal well. The HPC prototype power 
system disclosed some interesting and useful technology vrtiich HPC 
believed would assist in the early utilization of energy from 
geothermal brines. The following observations and conclusions 
were offered in support of this belief. Paragrpahs 2 through 5 of 
the following were taken from the writings of R. McKay, JPL. 

1. The helical screw expander is a pure rotary, positive 
displacement machine. The positive displacement feature 
allows the machine to operate effectively over a broad 
range of geothermal conditions. The pure rotary motion 
allows operation in a much higher speed range than 
reciprocating machines allow. Thus, helical rotary 
screw expanders up to the fifty MW size range are 
read:l/ feasible and are ideally suited to geothermal 
applications. 

2. As a geothermal prime mover, the HPC helical screw 
expander is a total flow machine which can expand 
directly the vapor that is continuously being produced 
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from the hot saturated liquid as it decreases in pres- 
sure during its passage through the expander. (See 
Appendix S for cutaway view of prime nwver.) The effect 
is that of an infinite series of stages of steam 
flashers r all within the prime mover. Thus, the mass 
flow of vapor increases continuously as the pressure 
drops throughout the expansion process and the total 
fluid is carried all the way to the lowest expansion 
pressure. The process approximates an isentropic 
expansion from the saturated liquid line for the total 
flow. The geothermal fluid flows through an internal 
nozzle control valve and at high velocity enters the 
high pressure pockets formed by the meshed rotors, the 
rotor case bore surfaces, and the case end face. As the 
rotors turn, the pocket elongates, splits into a V, and 
moves away from the inlet port. With continued rota- 
tion, the V lenghtens, expanding successively as the 
point of meshing of the scr# »s appears to retreat 

axially from the expanding fluid. The expanded fluid at 
low pressure is then discharged into the exhaust port. 

3. Conditions for mineral precipitation from saturated 
brines within the expander occur for several interre- 

lated reasons, including temperature decrease, pressure 
decrease, solvent removal, turbulence and the presence 

of nucleation sites. The internal surfaces of the 
expander serve as mineral deposition sites. Mineral 

deposition on these surfaces accomplishes several 
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beneficial results. The thickness of the mineral layer 
increases until the rotor-to-rotor and rotor-to-case 
leakage clearances disappear and the mineralized sur- 
faces are continually lapped; steady state is reached. 
The loss of leakage clearances results in substantia 
increase in the efficiency of the expander. This 
clearance removal mechanism makes possible the use of 
less expensive fabrication and machining procedures 
during manufacture, and also makes the expander self- 
healing in the event that scarring of the case or rotors 
should occur. Moreover, the mineral layer has been 
demonstrated to prov.le excellent protection of the case 
and rotors against corrosion. This protection provides 
greater flexibility in the selection of relatively low 
cost materials of construction. Similarly erosion is 

minimal, either because the scale layer forms a protec- 
tive coating or because the fluid velocities within the 

machine are not high, or both. 

4, The lapping process associated with the mine’*als which 
are deposited on the machine surfaces within the 

expander is a source of suspended nuclei for additional 
mineral deposition and crystallization within the 
expander. In an experimental investigation of mineral 
deposition carried out in October, 1971, vdiile operating 
a prior helical screw expander on Well M-10 at Cerro 
Prietc, HPC staff observed that mineral deposition 
cccured either almost exclusively within the expander or 
on the seed particle, traveling with the exhaust brine. 
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After 307 hours of operation, the deposits ranged from 
5/32 inc. at the expander exhaust port to 1/64 in. 50 
feet downstream. In the absence of the expander, the 
same well and feedline plugged shut a 12 in. exhaust 
pipe in approximately 80 hours. This characteristic of 
mineral precipitation occuring preferentially within the 
expander, either on the expander surfaces which are 
self-cleaning, or harmlessly in suspension, is highly 
bentficial. The tendency to deposit scale downstream 
appears to be neglible, at least along an isothermal 
path. This is important, not only for interstaging, but 
also in waste lines. 

5. Essential to high engine efficiency is small leakage 
past the rotors. This requires small clearances, both 
rotor- to-rotor and rotor-to-case. The minute clearances 
brought about by the wet lapping of the mineral deposits 
in the geothermal expander leads to maximum efficiences 
in this new unique application. 

Three energy conversion concepts — the Plashed Steam System, the 
Binary Cycle System, and the Total Plow System — are present 
contenders for producing electricity from hot-water geothermal 
resources. In the Total Flow System, as represented by the HPC 
Helical Rotary Screw Expander Power System, che hot wellhead 
product follows an isentropic expansion directly from the wellhead 
through the prime mover to the exhaust pressure and temperature. 
The system is thermodynamically the simplest and is theoretically 
optimum. 
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rhe successful operation of the HPC 62.5 RVA prototype system 
led HPC to the conclusion that the de .ign and construction of a 

commercial size system was possible. In April of 1973, two engi- 
neers from the Jet Propulsion Laboratory toured '•.he geothermal 

site at Cerro Prieto, Mexico, and observed the 62.5 ICVA power 

plant in operation. They agreed w,‘ h the conclusions of HPC 
staff. 

A project proposal calling for the construction and evalua- 
tion of an HPC designed 1250 KVA Geothermal Power System was 

prepared by the Jet Propulsion Laboratory in consulation with HPC, 
and submitted to, and eventually approved by. The National Science 
Foundation. The project was thereafter preempted by the Energy 
Research and Development Administration (ERDA) and then by the 
U.S. Department of Energy, (DOE), Division of Geothermal Energy, 
present sponsors of the project. 

The project plan called for the construction of a modular HPC 
1250 KVA Geothermal Powf , System, incorporating the helical rotory 
screw expar. jer as the prime mover, to be c)perated on total flow 
brine with an evaluation of the power system's mechanical and 
thermodynamic performance by JPL. An interagency agreement 

between ERDA and NASA resulted in the authorization of and 

financing for the project. Dr. Richard A. McKay, proposal author, 

was assigned to plan, co-ordinate and manage the project as 

technical manager and principal investigator on behalf of JPL and 
NASA. 
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Jet Propulsion Laboratory contrac -ed with HPC for design, 
fabrication, delivery, operation and maintenance of an HPC 1250 
KVA Geothermal Power Conversion System, with testing and evalua- 
tion to be carried out by JPL. An impartial mechanical and 
thermodynamic performance report and evaluation are the responsi- 
bility of JPL. 



TECHNICAL DISCUSSION 


The design and engineering for the 1250 KVA Power Conversion 
System built during the effort being reported were based upon a 
prototype 62.5 KVA Power Conversion System previously designed, 
engineered and constructed by Hydrothermal Power Co., Ltd. (HPC). 
The design incorporated Background Patents, Know-How and Proprie- 
tory Rights previously developed and owned by HPC. Appendix A is 
a Descriptive Specification of the 1250 KVA Power Conversion 
System. 

The following discussion has been arranged in chronological 
order for ease of understanding. The time period is from start of 
plant construction, January 16, 1976, through shipment from the 
Roosevelt Hot Springs, Utah test site to Cerro Prieto, Mexico, on 
December 1, 1979. 

Immediately following contract execution, various manufac- 
turers were contacted for current quotations covering price and 
availability for major long-lead time items. Consistent with 
competitive bidding, "Requests for Quotations," were issued. A 
copy of the face sheet of the HPC, "Request for Quotation," form 
i« attached as Apendix B. 

The planned method of construction of the prime mover housing 
was changed from casting to fabricating. A meeting at the Cerro 
Prieto Geothermal Plant was conducted with the CFE Dept, of 
Geothermal Studies covering their recommended materials of 
construction. Their recommendations were co-ordinated with 
material availability from suppliers. Their recommendation? also 
covered materials of construction for the entire plant. 
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A basic layoot of the expander housing was drafted. The 
layout was detailed into shop drawings soon after rotor details 
were finalized. Appointments were arranged with shaft seal and 
bearing . manufacturers. Appendix C contains facsimile copies of 
records of the chemical analysis, '•hanical analysis, and 
non-destructive testing records relative to the rotor forging. 
Appendix D contains facsimile copies of chemical and mechanical 
analysis of material used in the prime mover housing. Appendix E 
shows a cutaway view of the prime mover. 

A meeting with a bearing supplier covered the thrust and 
journal bearings. Their quotation included strain gauges and 
thermocouples in the thrust bearing pads and thermocouples in the 
journal bearing babbitt. All main bearings were sized with a unit 
loading of 150 psi or less. A meeting was held with a shaft seal 
supplier. Various designs were discussed, including the shaft 
seal design in the existing HPC 62.5 KVA Power System. 

In March, 1976, a meeting was held with JPL personnel cover- 
ing the electrical interfacing between the power System and Jet 
Propulsion Laboratory evaluation equipment. All major electrical 
equipment belonging to the Power System and supplied by HPC was 
made ready for purchase. Minor details of interfacing were sched- 
uled for accomplishment during assembly. Suggestions concerning 
the alternator details were made by the JPL technical staff and 
these details incorporated into the alternator design. Also, the 
raw data for the vibration and torsional analysis of the main 
drive train was assembled and made ready for the actual analysis. 
In addition, the shop layout and supplies were organized and pre- 
pared for the delivery of the first raw materials. 
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In the following three (3) months, details of the prime mover 
were attended to and prepared for shop drawings. Items covered 
included the shaft seals, bearings, 0-rings, shims and gaskets, 
bolt size and loading, and the housing fabrication sequence. 
Items addressed with respect to the entire power plant included 
the skid pad, protective coatings, minor electrical details, and 
the governor control response characteristics. Governing of the 
plant is achieved by c.itrolling the position of a moveable 
nozzle component which forms part of che high pressure port of the 
prime mover. The hydraulic coupling between the governor and the 
control nozzle is identical to the existing 62.5 KVA power plant 
linkage, except for a second stage hydraulic amplifier to handle 
the greater work load of the larger control nozzle component. 

In order to assure quality and conformity between purchase 
orders and pur :hased parts, an approved Quality Control Procedure 
was adopted. A record has been maintained of all signi i.cant 
purchased parts. Appendix F sets forth the established Quality 
Control Procedure and a copy of the form for records maintained. 

While construction of the prime mover housing progressed 
routinely, attention was also directed to the safety shutdown 
system and engineering data for the lubrication console. 

The basic safety shutdown system consists of a gate valve 
located in the inlet pipeline to the ime mover. This gate 

valve is held open by a double acting cylinder which, on loss of 
electrical signal, will close the value automatically. Various 
sensing switches throughout the plant control this electrical 
signal. In addition the governor control nozzle trips to 
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the c.osed position on loss of electrical signal due to a fault. 
The gei-te valve construction was chosen with the assistance of 
engineers from Cerro Prieto, Mexico, and contains both design and 
mate: als known to be tolerant to corrosive geothermal brines. 
Appe'' iix B shows material used for gate valve construction. 

The requirements to the lubrication system involve the prime 
mover, speed reducer, and governor system. The prime n»ver re- 
quire <ients entail the bearings, seals, timing gears, and the heat 
traas !er through the housing. The speed reducer requirements 
nvolve the bearings and gears. The governor system requirements 
irclude the governor, hydraulic servo, hydraulic amplifier and 
double acting cylinder. A small requirement is also necessary for 
th:» automatic gate stop valve. After these items were defined, 
anc' with their requirements known, the lubrication console was 
sii.ed accordingly and construction started. 

The main drive couplings are of the flexible gear type. The 
high speed coupling is a spacer type gear coupling with a NEMA 
standard diametric caper hub on the expander side for ease of 
removal. Bc’-h hubs have puller holes. The low speed coupling is 
an overload type gear coupling. Both of these hubs have puller 
holes. The puller holes allow the easy removal of the hubs for 
gear intei ..lange in the speed reducer. 

F llowing design completion of the main drive train coup- 
li- js, a vibration and torsional analysis of the main drive train 
was performed. Appendix G contains the vibration and torsional 
analyses. 
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Concurrently with the plant construction, assistance was 
given to JPL in a site selection survey for plant evaluation. 
Various potential sites were visited in August, October, December, 
and January, 1977. As part of the site selection survey, a tour 
was made of the Roosevelt Hot Springs area in Utah, being devel- 
oped by Phillips Petroleum Co. This site was uventually chosen as 
having the best potential of fulfilling the needs of the evalu- 
ation project. Major factors affecting this choice were the 
availability of effluent disposal, high wellhead flow and 
enthalpy, potential continuous operation of the well, and well 

flow stability. 

From January through March, 1977, a major effort was extended 
to the welding, grinding, machining, and fabrication of the prime 
mover. The housing raidsection advanced through numerous steps, 

including the surfacing of the end faces, finish welding tc the 

exhaust section, and set-up for boring. The inlet port and nozzle 

area was organized, prepared for shaping, and shaped for accep- 
tance of the control nozzle component. The housing was aligned 
and pinned and the raidsection finish machined. The inlet port 
flange and foot pads were welded to the housing and the housing 
was a^^serabled in preparation for hydrostatic testing. Numerous 
minor items were fabricated such as special tools for assembly and 
disassembly of the prime mover,, an alignment fixture to position 
the prime mover on the skid pad, and hydrostatic test pump 
equipment. 

The hydrostatic testing of the prime mover housing involved 
two regions, the high pressure region and exhaust region. For 
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hydrostatic testing, the high pressure region was isolated from 
the exhaust region with a bulkhead fixture. On April 7, the mid 
and low pressure regions were hydrostatically tested to 450 PSIG, 
following the ASMS Boiler and Pressure Vessel Code . On June 29, 
the high pressure region was hydrostatically tested to 1080 PSIG, 
following the ASMS Boiler and Pressure Vessel Code . A hydrostatic 
test was also conducted on all onboard inlet piping prior to 
installation. 

Concurrently with hydrostatic testing, numerous other items 
were completed. Inspection and acceptance testing was made on the 
speed reducer. Appendix H contains efficiency and performance 
curves for the speed reducer. The alternator had been tested and 
inspected earlier. Appendix I contains efficiency and performance 
curves relating to the alternator. 

The prime mover was assembled for an alignment, clearance 
check, and pinning of mating parts. Rotor machining and hard- 
facing were completed and the rotors balanced with bearing, seal, 
and coupling parts attached. Residual imbalance is shown in 
Appendix J. Hydraulic plumbing was completed for the shaft seals, 
governor, bearings, and buffer grease system. Installation of 
electrical switchgear, wiring, and instrumentation was partially 
completed with calibration of safety stop sensors. 

Subsequent to the hydrostatic testing, the assembled prime 
mover, speed reducer, and alternator were mounted and aligned 
on the main skid pad. The alternator was mounted first 
and bolted directly to the skid pad and aligned with studs to the 
alternator feet. Next, the speed reducer was mounted to the main 


- 13 - 



skid. Alignment was effected by using thermoplastic grout, brass 
shims and alignment studs to the speed reducer feet. Finally, the 
prime mover was aligned to the speed reducer in the same fashion. 
With the main drive train mounted and aligned, the drive couplings 
were installed and attention directed towards the completion of 
sub-systems in preparation for dynamic plant testing. 

Prior to dynamic testing, planning was done by staff from 
HPC and JPL and a procedure formulated entitled, "System Test and 
Acceptance Procedure". The procedure followed by both JPL and HPC 
staff is set forth in Appendix K. 

Dynamic plant testing was scheduled for August K3, 1977. The 
first half of the month involved preparation for this resting. A 
faulty overspeed switch was replaced, and a design improvement was 
made to the governor override solenoid valves involving the 
hydraulic port location on the governor. 

For dynamic testing, compressed air was used as the motive 
fluid to drive the prime mover. The dynamic testing was termi- 
nated early, after a spline drive to the governor sheared, and in 
the process destroyed much of the governor. The problem was later 
diagnosed as a tight fitting spline, allowing no radial mis-align- 
ment between the governor input drive and female rotor shaft. 
Arrangements were made with the governor manufacturer for a 
repaired governor, and the clearances on the spline coupling were 
increased to allow for radial run-out. 

The dynamic tesing was re-scheduled for September 14. Pre- 
paration included general check-out, replacement of a hand pump 
with an electric drive pump, and adjustments to the response time 
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in the governor hydraulic system. The acceptance testing was not 
completed due to a seal failure on the male rotor high pressure 
end seal assembly. Subsequent to inspection and consultation with 
the seal manufacturer it was concluded that the failure was due to 
an extreme overpressure In the supply oil to the seals and lack of 
proper relief valves for that pressure. It is believed that the 
extreme overpressure was caused by normal seal heating and 
subsequent fluid expansion within the seal assembly. Relief 
valves were installed on the supply oil lines to each of the 
seals. In addition, the male rotor high pressure end seal 
assembly was re-installed with only 4 of its original 7 seals. 
This reduced frictional heating. 

On October 20, the power plant was again operated on air. 
After approximately forty (40) minutes of operaton and acceptance 
testing, rotor contact was noticed. The test run was terminated 
and re-scheduled for the following week after the timing gears 
were re-set. It is believed that a contributing factor to the 
rotor contact was housing distortion due to the cooling effect of 
the air as it expanded across the prime mover. 

On October 27, the power plant was again operated on air. 
The plant was operated for approximately 1 hour, 45 minutes, dur- 
ing which most of the acceptance testing procedure was completed. 
The testing was again terminated by a failure on the male rotor 
high pressure end seal assembly. Subsequent investigation 
revealed inadequate clearances between the stationary and rotating 
part due to thermal growth. Added clearances were machined into 
the seals and acceptance testing scheduled for December 4, 1977. 


- 15 - 



On December 4, acceptance testing was successfully completed 
after approximately four (4) hours of continuous operation and 
satisfactory completion of all items covered in the "System Test 
and Acceptance Procedure". 

As specified in the contract, construction of the Power 
Conversion System was scheduled for 15 months at a cost of 
$477,791. Actual construction time was 22 months and 19 days at 
an aproximate cost of $481,000. The schedule variation is 
attributed essentially to delays in issuance of initial purchase 
orders and mechanical problems during acceptance testing. 

Following successful delivery of the plant, effort was given 
to: modifications to the plant needed for operation on Phillips 
Well 54-3; packaging; and site preparation. Th^ modifications to 
the plant involved the re-design, ordering and installation of 
electrical switchgear suitable for the re-injection pumps required 
for this particular test site. The site preparation involved 
grading, placement of cross timbers onto which the plant was 
positioned, and site layout for the location of major items such 
as the data van, load bank, auxiliary power plant, exhaust holding 
tanks, shop facilities and living quarters. Appendix L contains a 
schematic of the Utah test site layout. 

Prior to shipment of the Power Conversion system, it became 
evident to Hydrothermal Power Co. that shop facilities and support 
at the remote Roosevelt Test Site were unavailable for the project 
needs. To fill this need, HPC constructed a mobile shop trailer. 
The shop was well equipped with tools to provide a wide range of 
services such as welding, cutting, grinding, threading, cleaning. 
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and painting. In additionr the shop contained a broad selection 
of fittings such as valves, tubing, gaskets, and packing mater- 
ials. The shop trailer proved to be a tremendous asset at the 
test site. 

The Power Conversion System was delivered to the test site 
on February 1, 1®78. The balance of the month was expended in 
off-loading the system, site preparation for and placing of the 
exhaust holding tanks, and errecting a protective steel building 
for the power system. Assistance was given in the planning for 
the inlet and exhaust piping, placement of the test van and other 
test facilities. 

Prior to running the Power System, a procedure for logging 
and recording various important plant parameters, such as 
oil flows, pressures and temperatures was developed. The record- 
ing and logging procedure was planned to compliment the testing 
data to be recorded by the computer system housed in the JPL Data 
Van. As a part of the logging and recording procedures, forms 
were prepared suitable for manual logging and subsequent filing. 
Appendix M is a copy of the logging form. The initial time period 
for recording was every one-half hour, but was soon changed to one 
hour intervals as confidence rncreased in the process and equip- 
ment. Items concerning the plant status were also logged in the 
data van as part of the test data. In addition, periodic record- 
ings were taken of the main drive train vibration level at eight 
(8) marked locations. A vibration meter was used for this purpose 
(Sonidet Meter, Cardwell Condenser Corp. ) . Also spot visual 

checks were continually made during operation. 
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•nie first half of March, 1978, was expended in assisting the 
Principal Investigator, Dr. Richard McKay, in the completion of 
the inlet and exhaust piping and data aquisition system. The 
first run was on March 16. After approximately fifteen (15) 
minutes running, a governor spline broke. Repairs were made to 
the governor and the system was again run on March 21. During the 
balance of the month, the system was run at intervals, being shut 
down frequently while changes in the inlet piping and inlet piping 
controls were made under the direction of the Principal 
Investigator. 

Operation and testing at the Utah test site can be broken 
into two (2) catagories: Power System Operation and Site 

Process Operation. The Power System involves only the process 
from the inlet flange to the exhaust flange of the HPC Power 
System. The Site Process includes everything from the wellhead 
through the Power System to the disposal well located one and four 
tenths (1.4) miles from the wellhead. 

Initial operation of the Power System involved becoming 
familiar with the site process and then adjusting the process 
controls for stable, steady operation; a critical requirement for 
testing. A significant improvement was made to the site process 
operation when the wellhead separator level was instrumentated and 
proper level maintained. 

A problem that persisted throughout all the testing involved 
the inlet piping from the point where the steam and water were 
mixed to the point where the mixture entered the prime mover. The 
problem manifested itself in the form of unstable flow and 
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slugging which prevented stable 60 cycle operation, forcing the 
plant to vary at times + 2% in frequency. This unstable flow was 
most noticeable between an inlet quality of 1% and 10% steam, with 
qualities g eater than 10% steam, the higher flow velocities 
appeared to assist in mixing. Different diameterc of inlet piping 
were tried with some success, in an attempt to prevent unstable and 
slugging flow. With zero steam quality or all liquid fee^ , the 
plant operation was surprisingly smooth and steady. However, under 
some conditions, where the inlet control valve was par*"' Ixy open, 
water hammer would occur in the inlet piping. 

Concurrently with the effort to improve the unstat le 
inlet flow, efforts were made to improve the governor system 
performance. Some success was obtained by cutting throttling 
notches into the spool for the hydraulic amplifier. 

Another problem area during plant operation involved silica 
scale buildup in the waste disposal pump strainers. Part of the 
pipeline between the waste holding tanks and the pump inlets took 
advantage of an existing used pipe, previously installed for other 
purposes by Phillips Petroleum Co. This pipe length continuously 
shed scale which clogged the strainer to the pumps along with new 
scale which was continuously precipitating during plant operation. 
Much of the used pipe was removed with some improvement to this 
problem. By alternately switching between the duplex pumps, plant 
operation was maintained with repetitive strainer cleaning as 
required. 

Another problem of a more serious nature involved the prime 
mover shaft seals. As testing and plant operation progressed, the 
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seal leakage rate continued to increase. On ^pril 23, inspectiOi. 
revealed that che male low pressure seal leakage rate was exces- 
sive. Subsequent removal revealed a cra<' ■‘d seal sleeve and 
serious errosion, with silica scale build-up. The seal assembly 
was replaced. In the hope of preventing another failur.’ air was 
injected through pre-existing ports -o the hign pressur end 
seals. Pre-existing ports were not available to the low ot essure 
end seals and could not be machined into the housing in the time 
available. Well shut-in was scheduled for June 1 , 1978. The 
decision was raaae to continue testing with the recognized risk of 
another seal failure. 

On May SI, 1978, one day before the scheduled termination of 
the Utah testing, the same shaft seal failed in a catastrophic 
manner. The seal failure friction welded the seal sleeve to the 
shaft, ruptured and demolished tre seal assembly, bent the shaft, 
and due to excessive heating, melted the adjacent bearing bab- 
bitt. 

Repair of the plant began subsequent to the post calibration 
of the evaluation ins*-.rumentation, preservation and storage of 
process equipment, and well site cleanup. Repair of the power 
plant was centered around repair and re-designing of the shaft 
seals and improvemement of other plant aspects for better all 
around performance. 

The fundamental design change to the shaft seals involved tne 
addition of a fresh water flov across the seal area exposed to the 
brine process. This fresh water acts as a shield, or buffer, pre- 
venting mineral build-up in the seal assemblies. 
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To accomodate the new seal design, the safety shutdown system 
was changed. The change involved the installation of flow 

switches to each seal flush water line. The change also involved 
differential pressure switches and gauges installed on the 
oil/flush water system on each seal assembly. These switches are 
all wired in series with the existing shaft seal pressure relay. 
In addition, to handle the additional power requirements of the 24 
VDC system 7 the batteries and battery charger were changed to a 
larger size. 

At the Utah test site, there was no source of fresh water for 
use across che shaft seals. For the continued Utah testing, the 
most readily available source of flush water was determined to be 
steam condensate. The equipment involved is a steam/exhaust brine 
heat exchanger located in the exhaust holding tanks and then a 
condense te/air heat exchanger to supply a holding tank with con- 
densate at a temperature £ 160*F. 'Rie holding tank is used to 
supply a metering pump which feeds each seal assembly. 

during the 1978 spring testing in Utah, the power plant 
experienced an abrupt load loss of more than 500 RW with 
subsequent over speed and automatic shutdown. Proper governor 
design should be responsive enough to allow full load changes 
without overspeed or underspeed shutdown. A design improvement of 
the plant involved a custom built hydraulic amplifier and 
increasing the hydraulic oil supply for quicker governor response 
and greater work rating. 

Also during the 1978 testing, water hammer was experienced at 
some control value positions with all liquid inlet feed. The 
inlet port cunf iguration was v,osequently changed to eliminate 
this problem. 
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In addition, during the spring testing, it was determined 
that there was one major source of noise, the alternator cooling 
fan. In an attempt to attenuate the noise, a quieter fan was 
installed, shrouded and lined with a sound absorbent material, and 
ducted away from direct ear contact. 

With resumption of well flow by Phillips Petroleum Co., in 
the spring of 1979, and mid July completion of the plant repair, 
efforts were directed to the evaluation equipment re-installation, 
calibration, and general test site preparation. Equipment 
calibration and site preparations were hindered somewhat by a v^ll 
blow-out in June 1979, vdiich deposited salts and scale over the 
entire test site, causing numerous electrical problems. 

Checkout of the fresh water system revealed that the steam 
condensate contained large amounts of iron carbonate, which preci- 
pitated probably as siderite. Various methods were attempted to 
solve this problem. The solution involved changing the design, to 
first aerate and mix the hot condensate with bentonite and then 
hold the mixture in a large tank where the bentonite and newly 
formed iron oxide w<‘)uld settle out. The resulting water was then 
filtereo to 25 microns and fed to the seal metering pump. 

Plant operation for testing c«-mmenced on August 29, 1979. As 
testing continued, it became apparent that naturally formed 
mineral depositions would not close the clearances internal to the 
prime mover. The rate of deposition was too slow to close these 
clearances in the time allowed for testing. Recognizing the 
importance of internal clearances to prime mover performance, an 
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attempt was made to chemically force mineral deposition to occur 
at an accelerated rate. 

The method used to force mineral deposition to occur involved 
the injection of a calcium chloride solution directly upstream of 
the prime mover inlet. The necessary equipment involved mixing 
tanks for the solution, a metering pump, and an injection line to 
the prime mover inlet. Various combinations of concentration and 
flow rates were attempted with some success However, the result- 
ing calcium carbonate deposition that did occur deposited 
preferentially in some areas and not others, and continally broke 
off in large scales. The attempt to force mineral deposition to 
occur was subsequently terminated and attention given to other 
aspects of the evaluation. 

One incident did occur, however, that demonstrated the need 
for a jacking motor to slowly rotate the plant immediately after 
stopping and before starting. Upon stopping the plant after a 
test run, during trtiich a particularly concentrated solution was 
injected, the rotors became locked as the housing was allowed to 
cool to ambient temperatures. In order to free the rotors, it was 
necessary to block the exhaust port and fill the housing with a 
mild solution of hydrochloric acid and metal pickling inhibitor. 
After approximately 24 hours of soaking, the rotors became free 
and testing was continued. A jacking motor has subsequently been 
installed and appears to have solved this problem. 

During continued testing, water build-up was noticed in the 
main lube oil reservoir. Inspection revealed that flush water was 
migrating back across the shaft seals into the bearing areas, and 
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to the oil reservoir at a rate of approximately 100 cc/min. This 
leakage was recognized as a seal short-coming and th t the water 
would have to be periodically removed at the reservoir. For the 
short term and continuation of testing, bleed steam was used to 
dry the reservoir during periods of plant shut down. For tr;e 
longer term a water/oil separating centrifuge was ordered for 
continuous water removal. 

Concurrently, with the test activities in Utah, many visitors 
observed the plant in operation. During one visit, a group of 
foreigners, some of whom were involved in geothermal activities in 
their respective countries, toured the test site. They were 
impressed with the plant operation and test activities. Their 
interest led to an International Energy Agency (lEA) agreement, 
whereby the Power System and support test equipment would travel 
abroad for demonstration purposes. First on the demonstration 
schedule is Mexico, where the plant would be operated in the 
geothermal field at Cerro Prieto. 

Utah plant operation and testing was terminated on November 
14, 1979. Post calibration, packing, and site clean-up followed, 
with loading and shipment to Cerro Prieto, Mexico, on December 1, 
1979. 

The support activities in Utah involved a time period of 24 
months from plant delivery on December 4, 1977, through shipment 
to Mexico on December 1, 1979. Total cost for Hydrothermal Power 
Co. efforts during this time period was $ 530,927 . 
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CONCLOSIONS 


’^s a result o£ the reported effort, ve conclude: 

1. Problems associated with the initial plant operation are 
considered incidental and should be viewed as a normal 
debugging process for new equipment. 

2. Varied geothermal well production characteristics put a 
large demand on the governor system. Control needs to be 
maintained over a wide range of inlet pressures, flows, 
and electrical loads. Design improvements to the 
governor system should satisfy these control needs. 

3. That substantially all of the conclusions from the test- 
ing of the 62.5 KVA Prototype Power System are confirmed. 
In particular, the following conclusions were verified. 

A. The helical screw expander is a useful, efficient, 
total flow prime mover; 

B. *nie scaling or mineral deposits reduces leakage, 
between rotor-to-rotor and rotor-to-case, resulting 
in a substantial increase in machine efficiency. 

4. That internal inspection of the prime mover has revealed 
nothing to prevent long term laaintenance free operation. 

5. The nature of the equipment, including the fault and 
safety shut down system, points to a Power System capable 
of extended periods of continuous, unattended operation. 
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6. That a Geothermal Power System could be built from a 
standard set of materials, adaptable to a large variety 
of geothermal wells and fields, and developing mechanical 
efficiencies greater than 70%. 

7. That adoption of the recommended modifications would 
enhance the efficiency and overall attractiveness of the 
HPC Power System to the Geothermal Industry. 

8. Test results have shown that the power conversion system 
does have an application for power recovery from geo- 
thermal brines having an extremely broad range of 
qualities. 

9. 'nie prime mover can be characterized as having a weight 
to power ratio somewhere between turbines and reciprocat- 
ing prime movers. For example, with cin Installed prime 
mover weight of 100 tons, a diesel would produce 12 ^^W, a 
helical screw 30 MW, and a steam turbine 200 MW. This 
will limit the single shaft power output from a helical 
screw to about 50 MW utilizing existing heavy industry. 
This size may be increased by utilizing fabricated hollow 
rotors. An attractive size appears to be approximately 5 
MW where the entire power plant can still be maintained 
easily transportable on skids and located near the 
wellhead. 
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RECOMMENDATIONS 


The following recommendations are based upon operating expe- 
rience. If adopted, they should result in reduced maintenance and 
simpler future operation. 

We recommend: 

1. a H 2 S removal system be installed in all electrical 
enclosures; 

2. a longer and wider main skid-pad for easier equipment 

access for servicing and maintenance; 

3. that the safety shut-down electrical system be isolated 
in its own enclosure; 

4. that the hydraulic actuator to the automatic stop-gate 

valve be located in a vertical position; 

5. that the hydraulic actuator of the automatic stop-gate 

valve have an adjustable stroke cushion to reduce mech- 
anical stresses on the main drive train during fault 
shut-down; 

6. that the inlet pipe to the prime mover be welded to the 

main skid pad to reduce stresses to the prime mover feet, 

which could lead to misalignment; 

7. that provisions be built into the lube oil console for 
additional cooling capacity «^en the plant is operated in 
hot desert environments; 

8. that additional inspection ports be built into the prime 
mover housing; 
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9. improvements be made to the governor control system to 
allow stable plant operation at various inlet pressures 
and electrical loads; 

10. a larger lube oil reservoir capacity to accommodote 
loss due to nominal shaft seal leakage; 

11. that the manual start hand pump be changed to electrical 
drive; 

12. that an event recording system be installed to monitor 
the plant and record the failure sequence in a fault 
shutdown; 

13. that additional testing be done at different speeds, and 
with various field parameters; 

14. that cm HPC Power Conversion System, with a nominal capa- 
city of 5 MW be constructed, incorporating the above 
design changes. 
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NEW TECHNOLOGY 


Prior to the issuance of the subject contract. Hydrothermal 
Power Co., Ltd. (HPC), had developed New Technology through 
extensive research, resulting in patents, know-how, and 
proprietory rights. The research culminated in the successful 
operation of a prototype 62.5 KVA Power System. 

Following the execution of the subject contract, HPC peti- 
tioned the U.S. Department of Energy for and received an "Advance 
Waiver" on New Technology developed during the performance of the 
contract. 

No reportable items of New Technology were identified or 
developed during the fulfillment of the contract terms. 
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DESCRIPTIVE SPECIFICATION 
for 

GEOTHERMAL POWER CONVERSION SYSTEM 
supplied by 

HYDROTHERMAL POWER CO., LTD. 
Pasadena, California 
May 9, 1980 


The Geothermal power Conversion System consists of a Lysholm type 
expander with sixteen and one->half (16.5) inch diameter rotors, a 
speed reducer and an alternator, complete with all necessary 
auxiliary equipment euid accessories required for use as a 
geothermal wellhead electrical generating plant. The drive trai.^ 
is a skid mounted, factory assembled unit, susceptible of trans- 
port wit: )ut dismantlement. Heavy tarpaulins are provided for 
protection of the System during shipment or site storage. The 
Contractor's predictions of System performance are set forth in 
Appendices 1 and 2 herewith. The System includes the following 
assemblies, sub-assemblies and components: 


I 

Main Drive Train 


The main drive train is mounted and aligned on a structural steel 
base pad or frsune. The basic envelope is 6 ft. in width, 8 ft. 1" 
in height, and 25 ft. in length; the weight is approximately 
25,000 Ids. The main drive train is exposed for ease of inter- 
facing with process piping, lubrication oil console, and 
electrical switchgear. The equipment is designed for outdoor, 
unattended operation for extended periods. The main drive train 
consists of the following sub-assemblies: 

(Prime Mover) 

The prime mover is a Lysholm- type machine designed for operation 
as a high enthalpy brine expander having the following features: 

1. A fabricated steal housing with porting to provide for a 

variable volume ratio. The housing incorporates a gate-type 
governing valve that controls this variable volume ratio. 

The inlet port is an 8-inch. 300 lb., ANSI raised-face 
flange. The maximum allowable operating condition is 625 
psig at 500" F. 
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2. The low-pressure end is of stainless steel with a 24- inch « 

150 Ib.f ANSI raised-faced flange. 

3. The shaft seal assemblies <»nsist of a combinf.tion of 
segmented carbon seals , floating ring seals, and labrinth 
seals. Oil is maintained behind the segmented carbon seals 
at a pressure slightly higher than the flush water pressure 
to prevent water intrusion into the oil syst'n. 

4. Radial bearings are pressure-lubricated, tilt-pad type sized 
for moderate to low specific bearing pressure. Thrust 
bearings are large, sturdy, self-equalizing type of conserva- 
tive design for long life. One hundred ohm platinum resis- 
tance temperature detectors are provided on all bearings. 

5. Two 1 1/4-inch, threaded, plugged, inspection holes are 
provided in the rotor bores with provisions for measuring 
rotor wear. 

6. Rotors are machined from solid, one-piece forgings to provide 
the maximum practical bending strength. 

7. Rotor construction is suitable for 100 psi pressure differen- 
tials at rotor speeds up to 5,000 RPM. 

8. Hard-surfaced rotor tips and end faces are provided. 

9. A jacking motor is provided to slowly rotate the prime mover 
during periods of startup and shutdown. 

The prime mover housing is hydrostatically tested according to the 
ASME Boiler and Pressure Vessel Code . The inlet and high pressure 
regions are tesied to meet or exceed a 300 lb. ANSI rating. The 
exhaust and low pressure regions are tested to meet or exceed a 
150 lb. ANSI rating. 

(Speed Reducer) 

A suitable speed reducer is provided and is flexibly coupled to 
the prime mover and to the alternator. The speed reducer is a 
parallel shaft horizontal offset design having sleeve type ber- 
ings. Lubrication is provided from the main lubrication console. 
The high and low speed couplings are self-aligning gear type with 
sealed grease lubrication. The low speed coupling is of the 
shear-pin type. The couplings are designed to operate for 20,000 
hours before recommended disassembly for an alignment check and 
re-lubrication. The speed reducer iar generously sized for an 
extended life of greater than ten years before overhaul. Gear 
sets for three gear ratXwC, 5000/1800, 4000/1800 and 3000/1800 rpm 
(approx.) are supplied with the gearbox. 
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'Alternator) 


llie alternator is a continuous duty 1000 KWr 1250 aVA/ 0.8 p*2.f 
1800 rpm. , 3 phase^ 60 BZ, 480/277 volt, 4 lead, 2 bearing, drip 
proof, enclosed machine suitable operation in a desert 
environment, and having a directly connected brushless exciter and 
a solid state voltage regulator. The alternator bearings are '£ 
the antifriction type with double shields and are lubricated at 
the factory. The alternator bearing is of a design capable of ten 
years of continuous operation. Two 100 ohi>< platinum resistance 
temperature detectors are installed in each phase of the windings 
to make possible a continuous indication of alternator tempera- 
ture. A 100 ohm platinum resistance temperature detector is 
installed on each bearing. To reduce noise, the cooling fan is 
ducted and shrouded away from direct ear contact. 

II 

Oil System 

The oil system provides bearing lubrication as well as cooling for 
the prime mover and the speed reducer. It also provides oil for 
the shaft seal needs and the hydraulic needs for the speed 
governor and safety shutoff mechanisms. The oil system also 
includes a heat exchanger and other provisions necessary to 
maintain the prime mover and the speed reducer at proper operating 
temperatures by transfer of heat from the oil to the surrounding 
atmosphere. A fully automatic greasing system is provided for the 
lubrication of all critical surfaces or bearings within the brine 
inlet and governor control valve. The oil system includes the 
following subassemblies and components: 

(Lubrication Console) 

1. 300-gallon reservoir with sight gauge, breatner, and fill 
cap 

2. Duplex filter and transfer valve 

3. Forced draft oil-to-air heat exchanger 

4. Oil pump directly connected to speed reducer at 1800 rpm 

5. All associated piping, temperature and pressure regulators, 
gauges, and switches 

(Shaft Seals) 

1. Booster oil pump, filter, accumulator and regulators to shaft 
seals 

2. A flush water pump, duplex filter with transfer valve, and 
flow meters to feed one GPM of suitable flush water to each 
shaft seal 
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3 


A water-oil centrifuge to remove water from the seal oil 
discharge 

(Auxiliary Functions) 

1. Sufficient oil capacity and accessories are provided to 
assure proper operati«i of the governor and its hydraulic 
amplifier 

2. Sufficient oil capacity and accessories including an 
accumulator are provided for hydraulic operation of the 
automatic gate shutoff valve. 

Ill 

System Control 
. (Speed Governor System) 

The governor system has the following features and characteris- 
tics: 


1. The governor is a mechanical flyball-type, flexible spline 

connected to the female rotor of the prime mover. 

2. The governor cxitput is amplified through a hydraulic servo 

mechanism for operation of the governing valve located in the 
crime mover inlet port. 

3. There is a means for adjustment of the governor with provi- 
sion for remote control from the electrical control box. 

4. The governor control mechanism provides means for either 
isochronous control or droop control at the election of the 
ope 1 a tor. The accuracy of control in either case is within 
plus or minus one quarter (1/4) of 1% of the speed set or 
selected by the qoerator. 

(Autcmaatic Gate Shutoff Valve) 

The automatic gate shutoff valve is wired for autcmnatic fail-safe 
operation wheneve there is a dropout of the electrical signal 
required to hold it open. The generator output breaker trips open 
also with a dropout of the electrical signal due to underspeed. 

Provisions are made for actuation of the autcxnatic shutoff valve 
in consequence of any one or more of the following conditions, any 
one of which will trip and fully close the automatic gate shutoff 
value within fifteen (15) seconds: 

1. Underspeed 

2. Oil supply overtemperature 

3. Oil supply underpressure 

4. Shaft seal low differential pressure 

5. Shaft seal low flush water flow 

6. Excessive vibration 

7. Actuation of manual stop switch 
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ProvislMia ar« also nads for actuation of the autoaatic shutoff 
vaiva in consaquenca of any ona or nora of tha following condi- 
tions# any ana of which will trip and fully closa tha autonatic 
stop gate valva within ona (1) sacond: 

1. Ovarspaad 

2. Actuation of annual «aargancy stop switch. 

Relays are providad for remote actuation of both the stop and 
raergancy stop switches. 


IV 

Electrical Systems 

The Geotheraial Power Conversion System is designed for starting 
without any external electrical po«ier source. Batteries are pro- 
vided to energize the safety shutoff circuit during startup emd 
during normal operation. During operation# all necessary 
electrical energy# including that for battery charging# is pro- 
vided by tha System itself. All of the electrical lines# connec- 
tions and contacts are protected from tha corrosive salts and 
gases prevalent in geothermal environments. Protection for all 
instrume^itation and signal wires is provided by conduit# gutter or 
tray as appropriate for the protection and isolation of such 
circuits within the perimeter of the Geothermal Power Conversion 
System. The electrical system includes the following 
subassemblies and components: 


(Alternator Control and Protection) 

The alternator is provided with all necessary or required protec- 
tive and control devices requisite for safe operation. Accord- 
ingly# an output circuit breedcer complete with solid state 
protective devices for circuit fault# ground fault and thermal 
overload conditions is provided for the main load. The output 
circuit breaker has a 120V AC shunt trip coil. In addition# a 400 
amp. # 480 V. # 3 phase breaker panel is provided for possible power 
needs at the geothermal plant site. A separate 120 volt output 
breaker is provided for all inhouse usage. 

The alternator is provided with a control box or console having 
provisions for the measurement of alternator frequency# voltage# 
current# power output# emd kilowatt hours. A current transducer 
and a power transducer each provide 4 to 20 MA output. Indicating 
meters are provided within the control box. Means are also 
provided there for the convenient connection for external record- 
ing of ampei.age and voltage. The control box also contains an 
elapsed time meter# necessary relays and timers# as well as the 
voltage regulator and a remote governor control switch. A 10 KVA 
single-phase transformer with 110/240 volt output together with 
output circuit breakers for the control of all electrical energy 
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(station power) used for operation of the System is also provided. 
The arrangement of the control box panel is generally in accord 
with JPL Drawing No. SE/60-0 that appears in the JPL ELECTRICAL 
STANDARDS published in June 1975 by the JPL Facilities and 
Engineering Construction Office. 


(Remote Hcxnitoring) 

A terminal box containing a terminal strip is provided to 
facilitate the remote monitori.ig of the following: 

1. Alarm and sensor contacts giving indications of improper 
speeds r pressures r temperatures or vibrations 

2. Remote circuit breaker trip mechanism 

3. Station power (120/240 volt) 

4. Temperature sensors 

5. Bearing load sensors 

6. Amperage trauisducer 

7. KW transducer 

8 . KWH pulse 

9. Voltage 

10. Frequency 

11. 24 Volt DC Supply. 


(Remote Control) 

A terminal box containing a terminal strip is also provided to 
facilitate the remote control of the following: 

1. Voltage 

2. Frequency 

3. Normal stop 

4. Emergency stop. 
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V 


Inlet Piping 


The System includes adequate means £or support and flexible 
coupling of the upstream piping so as to minimize any mechanical 
loading of the prime mover. The inlet piping is capable of safe 
handling of geothermal fluids at pressures up to 625 psig and 
temperatures up to 500* F. All inlet piping is hydrostatically 
tested to the ASHE Boiler and Pressure Vessel Code to meet or 
exceed a 300 lb. rating. The inlet piping of the System 

includes the following components: 

1. 8-inch, 300 lb. ASA gate start and stop valve 

2. 8-inch, 300 lb. ASA automtic gate stop valve, 
pneumatically-hydraulically actuated 

3. Flex-coupling at prime mover inlet, 8-inch, 300 lb. ASA 
rating 

4. Burst-type bypass plus relief valve. 


VI 

Drawings 


■Hie Geothenaal Power Conversion System is furnished in conformity 
with the following drawings as prepared by the Hydrothermal Power 
Co . , litd . 

Drawing Number Issue Date 


1. 
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APPENDIX 1 


HYDROTHERMAL POWER SYSTEM PERFORMANCE 
1250 KVA PLANT 



CASE I 

CASE II 

SIZE 

16.5" Rotor diameter 
25" Rotor length 

same 

POWER 

1000 KW Prime Mover 
Shaft Output 

same 

RPM 

4000; « 288 ft/sec 
tip velocity 

same 

PLOW RATE 

135,000 Ib/hr. 

85,000 Ib/hr. 

ENTHALPY 

424 Btu/lb. inlet 

same 

TEMPERATURE 

444"P 

same 

PRESSURE 

400 PSIA inlet 
14.7 PSIA exhaust 

400 PSIA Inlet 
3 PSIA exhaust 

QUALITY 

0 at inlet 

same 

EXPANSION RATIO 

347/1 

1500/1 

PRIME MOVER EPF. 

70% of isentropic 

65% of isentropic 

SPECIFIC CONS. 

135 Ib/KWhr. 

85 Ib/KWhr. 


NOTE; Assume Keen^m and Keys 'Haermodynamic Properties of Water > 
1969 edition. 
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L-HBAD PRBSSURB - PSIA 


APPENDIX 2 



SPECIFIC POWER ODTPOT KW 

105 Ib/hr 

HYDROTHERMAL POWER SYSTEM 
PRIME MOVER PERFORMANCE 
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"YO»OTHEI1MAI POWER CO., 1^0 


r- 

L 


2051 Woodlyn toad * CotifoPiiia 01104 

27033 Via Ca W aOa • Mttiom CaUlomia 02475 


12131 70M005 
• . 17141 •37*3001 


SBQOBST raa QD01ATI0N 


RFQ NO. 76-F-2 
7RI0RXTY RATING 

CERTIFIED UNDER 
TAXABLE 




DO-A2 


DMS REG. I 

NO J2I_ YES a. 

CALIF. RESALE NO. SR AP 17-668216 


TO BE CONSIDERED YOUR QUOTATION MUST BE RECEIVED BY HPC NO UTER 
THAN May . 17. 1976 D ATE MATERIAL REQUIRE D Sept. IS. 1976 


OeSCRXPTXON OF XTEM(S) 


AUTOMATIC GATE VALVE 


(1) One 8" 300# ASA flanged, hydraulically aecuaCed, Gate Valve. 

Body, bonnet, and yoke of ASTM A216 grade WCB; seats and wedges 
of ASTM 182*F6 and with Stellite No. 6 coarlng; and the stem of 
ASTM 182*F9. The valve shall be controlled by two Input signals 
either one of which will automatically close the gate valve upon 
signal loss. Both signals shall be 12 VDC with 2 amp. maximum 
current. Signal loss from one of the Inputs shall close the gate 

valve within one second, and a signal loss from the ocher Input > 

shall close the gate valve In approaeloately 15 seconds. 
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O.B. 

Estloiated Shipping Weight 

Teme 

Date Material Will He 
Shipped 

Hereby Submit the Above Quotation 

Phone No. 

By (Typed Name) 

Signature Date 

• 


(The Contractor) 


GOVERNMENT SUBCONTRACT 

Any Purchase Order Issued by HPC as a result of your quotation will constitute a 
subeontraoe under Cencreec NAS7*100 beca#een the United States of Anerlee end the (over) 
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METHOD 
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LXNB TOLTACE CONTROL 
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1 TRANSDUCER SIZE A SHAPE 
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PROCEDURS 
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SPEQALIZING IN STAINLESS & HIGH TEMPERATURE ALLOY 



AIRCRyVFT . ALLOY . CARBON 


COMPANY 


~ Ccrry, Pennsylvania — 


8«rs & Forgings 

Centplele Hoot Trooiing, Laborotory & Tesfinq Facilities 


ULTR/. 

INSPEC 

REPC 


^ATB 

pnO NUMBER 




'■ SEP. 09 1976 

&<isi 9 


f 



TVPB Of EQinPMENT 


, 1 ^ rREQumrr 

“□ “•0 “□ “□ “1 

— is^ 

□ ”□ 


TECHNIQUE 

' LONCOTTODIAL SHEAR WAVE Q 

UN£ VOLTAGE CONTROL 
res Q NO p] 

. TBANSDUCCH SIZE & SHAPE 

/'A^. 

f il£F£JtCNC£ STANOAfiO 

1 • 

PBOCEOUAE 

• /9S7W?-/J- V/r 


TYPE: ^/O 


KEMABKS it SKETCHES 

HEATl 


■X- “/ 


RESULTS: 


When tested fn accordance with the above Procedure, these parts were found 
to be acceptable. (No reportable or unacceptable indications found.} 
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□ 


RETURN MATERIAL 
TO SUPPLIER 
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SPECIALIZING IN STAINLESS. & HIGH TEMPERATURE ALLOY 
AIRCRAFT . ALLOY . CARBON 
Ban & For9in9« 

Complate H«at Treating, Laboraiei/ & Testinq FaeiRHei 
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REPORT .. 
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DRAWING NO. 

tt. 


PART OeSCBiPTK 

. 073 

TEST RESULTS: DISPOSITION: 


ACCEPT 

HOLD 

QUESTIONABLE 

REJECT 


\ET 

□ 

□ 

□ 


REWORK 

RETURN MATERIAL 
TO SUPPLIER 
SCRAP 


C5 


□ 

□ 

□ 


QUANTITY 


/ 


ITEM NO. 


48PtCTfON 
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STEEL COMPANY 
Cbrryi Pennsylvania 16407 


SPSCIAUZING IN STAINieSS A HIGH TiMPlAATURt AUOY 
NUCLtAR . AlRCRAfT . AUOY . CARBON • fORGiNGS 

COMftfTf HUT THUTINO, UBOUtOnr 4 ItSTINO UCUTItS 
MTU SONfC INSftCTlON 



CUtTOMtir 8 OflOCR NO. 

OATS 
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A11304 

9- IV 76 

69819-00 


•M»>TO 


■ 4040 


TO 
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RECEIVING DOCK 
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consolidated - COLLECT - PARTIAL 


J 


A-473 6- DWG. 

4 

»vs* 

410 

NuiiM*g>MZI4 

1 PC. 

W8IOMT 

2278# 

174 

12073-525 

PER DWG. 

#1 

AtJlWLlZEO fi. TEMPERED & STRESS RELIEVED 

irSINNO. HEAT NO. 



L 

. It.,., , .77:^, ^ ^ 


556027 


12 

3E= 


.50 


.017 

~ gg .~~ 


.011 


.39 


33E 


ia.37 


.39 







SOU0C4 ARMCO 


UkTRUtOWe 

imwCTOifc PER A*4l8. 

REPORT ATTACHED 
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Numcti 

iMsncnoMf 

mCWCTCN 

• . 
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ii«ipfCTioiiititui.rr 


IS TO ccivrisv TH^T. TO r T SSST OP OUS KNOWL8008 M4^ 
: fl^WINOS. PUSCHASC OR08RS K^O SRSCirtCATlONS. ANO COMR 


•— — — *.eOV8 MAT8RIAC MAS 688N MANU^ACTURSO IN ACCOROANC8 WITH TMS 
N8IONAL R8QU1RCMSNTS ANO WORKMANSHIP. 
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ilil' iij STEEL COMPANY 
ir Cbrry, Penrwylvania 16407 


NUCLBAR • AIRCRAfT • ALLOY • CAR&ON . fORGtNGS 
coMHtri MtAT rwariNo. iaboaatoky a usnNO fACiurtis 

WTRA SONIC INSnCriON 



CUSTOMCirS OAOCM NO 
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10-1-7C 


n ■ 


69818-00 


• hi^to 

SAME 


CONSOU DATED - COLLECT - COMPLETE 



MACIIOCTCN MNOmT « 

cuttsincAnow: rcsult: 


UOUtOPffc^flUIIT 

tNSPfcnoti RttULTi *' 


THIS IS TO CKlfTIFV THAT. TO THK SBST OF OUS KNOWLCDOE AND SCUCP TH«* ASOVC MATCRIAL.HA8 SSKN MAMUFACTUSKO IN ACCOHOANCB WITH THB 
ORAWINOS. PURCHA8B OR08RS AND SPBCtFICATlONS. AND COMPLIES WITH OlMBNSiONAL RBOUmEMENTS ANO w'OPKMANSHIP. 
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Date. 


IhaSgeto hydrothermal power CO LTD 
27032 VIA CALLACO 
MISSION VIEJO CALIF 92675 35 


Via: 
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f ^ 

QUi^NT rv 

I 

MA T en ' A c 

— 
K%t iGHT 

oRtce 

E* tenUPN 

» 
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EF-41A2 VAC. DEGASSED. QUENCHED 



:|[| 



i 
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AND DOUBLE TEMPERED TO 
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s 
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GRIND TOP 6 BOTTOM CLEAN UP 
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. A RnkI & Sons Cc,;;; 

METALLURGICAL REPORT 


jCTQMHt A» Finkl & Sons Co. (CA.J 

rt 9/28/76/01 


10" X 32.5" X 38‘*. Finish Sizes 


EF~4142 Vac, Degassed. Ouen. & Dbl» Tem p. 


.FORGED. 


.SURFACE. 


PATE November 2» 1976 

QUANTITY 1 Pc. S. Q. 15645 

R U w Li ■ 

NOV .1976 

A RNKLiSOMSCa 


ECinCATION. 


Mo« Mill 


.60576 



BE .42 kSe .015 


Jominy 



1 2 3 4 15 


Reductbn ( Brinell 

Bongotion of Area Fracti*re Hardness 

% in 2" % Rating (H8) 


269/302 



293/293 



sot Treatment 


Remarks 




■:> :z.z2ore mo this 


D2 


day 

Notary Pl 


WITNESSED 


above ogreet witbi^e officiol company records. 
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SURFACE. 


C r-sr-tov. i-rs 
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. ULTRASONIC REPO^ 
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% 

2 cop./C.A.R. • 
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• 

DATE 

‘ CUSTOMER 

CUSTOMER ORDER NO. 
DESCRIPTION 

• • 
% 

SONIC unnr sperrt uii 715 ^ 

SEARCH ipriT SPERRY 

2.25 MHz - 1.125 Dla. Qtz 

t • 

• 

• ^ 

SHOP ORDER HO. / 

• COOPLANT 30 OIL 

• * «L 

HEAT HO. /(,^JT7i 

• 

TEST BAR-^64** P.B. HOLE 

. 

• QUANTITT TESTED ^ 

. 

TEST BArI - ■ *- : 

-i . * - 

• ^ -- - 


SENSITIVlTr ADJUS15-IEIIT: * I* 

* . • * 

* SCAtt FACE ~ ^64" F.B. BOLE pip (Swp/pk) on SCOPE 


RESULTS: 
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569 LA I 2 i is 76-M-1-C-2A |76-M-1-C-2A 


aCTuai 

aomtNO K&G/WEST CARLOAD ING PREFAID 

SOlO TO 
n 

HYDROTHERMAL POWER CO LTD 
25721 OBREkO UNIT B 
L MISSION MIEJO» CA 92675 


SHIP TO 

~i A. Finkl and Son 

C/0 Bud Finkl 

, 10735 Sessier Street 

J L Southgate, CA. 
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J 








304 ASMS SA-240» WINTER 1975 
HRAP 




WK^MiWtmiA lAii ti 














1 5.2500 GA. SKETCH A-7 »S» 1 1C 1990 

F/C PERIPHERY 6 HOLES 
rOL. PERIPHERY + 1/4 - .000 
HOLES + .000 - 1/4 


**** CHEMICAL ANALYSIS 
ITEM- 1 QTY- 1 HEAT- 656673-1 
C MN P 3 SI CR NI 

.060 1.44 .019 .012 .49 18.50 8.83 
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fcO C 66620 CUSTOME R H/DROTHERMAL POWER COMPANY P.O. # 76»M- 1 -C»Z_A_ 

PAT E 10/1 S/76 TYPE 304 COUP. HRAP FOR M PATTERN ( SKETCH) 

U.T. PROCEDURE (>0 LONG I TUP I UAL t PER ASTM - A435 
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SmoaSRHAL POfOR CO,, UD 
QQAUTY COmOL PROCEDORB 


In order to eesure cIm ebeolate confomaoce of incoolng aateriels, 
purcbeeed parts, aachlnlng or processing of sMterlals snd purchased parts, 
each such Incooing Itea received by RFC secured for integration into the 
BPC Power Conversion Systeai, is to be checked against the purchase order 
and purchase order drawing as to both quantity and quality. 

A record will be nalntained by HPC showing the results of diecklng, 
inspection, and ■easureoient upon receipt of inccsdng nateriala, purehesed 
parts, aachlnlng or processing of aaterlals and purchased parts. 

Such record shall be in the following forw: 



A. 

RiPVIPPPPPPliHB 

■iawfliMMMwMsiniuflMnaBweHHH 




B. 

DESCRIPTIGH of PARI or TASK 




c. 

DSAIflliG HO. 




D. 




(2) of RECEIPT BY HPC 



(3) DATE of mSPECnOM 




E. 

HAHBFACTQRER, FEHDOR or SUPPLIER 




F. 

CRITICAL MEASDBEMBHTS TAEEM BY: 




Q. 

GFITLCAw lOASBREIIEHTS TAKEM DATE: 




B. 

CRmCAL MBASOREtfEHTS RECORDED OH 
SHOP iSUIgTHQ cr COPY of PDRCHA8S 
ORDER (l)BY: 


I 

i 



(2)DATE: 


1 

i 

i 


1. 

ACGSPXABCB DATE 


1 

1 


J. 

COMSHTS 


f 

B 

} 

i 


PART RO. or P. 0. MO. 


F 














Brief Summary of Torsional Frequency Analvst« 

• * •** 

A lamped^maea oaa.i Dodel vae eoaacrueted fo? the entire ayetem. Tula 
iBOdel conalata of five "Inertlaa'* (actually momenta of inertia) which repreaent 
reapeetively: 

Female & Hale Sotora & Shafting of the Compreaaor 

The Flrat Coupling 

The Speed Reducer 

The Second Coupling 

The Alternator (Fan, Rotor & Exciter) 

Iheae five Inertlaa are coupled by four uniform shafta. The numerical 
valiMB of the Inertlaa and of the toralonal rlgldltiea of the alu fta were 
determined from valuea on the blueprinta or were calculated from the phyalcal 
dlmenalona provided. All calculatlocu^ were made with reference to the Mile 
Rotor Azia. 

The analysla of the Free-free torsional vibratlona of the ayatem la 
accordingly reduced to an eigenvalue problem. The eigenvaluea are found to 
be the roota of a tentfa*order algebraic equation in the circular frequency w*. 
One root, aa ocpected, ia W-0, idilch correaponda to a rigid body rotation of 
the entire system. Thus the determination of the eigenvaluea amount* to the 
determination of the roots of a fourth order equation in The four roots 
correspond to the frequencies n (hz) of the four principal modes of torsional 
vibration of the system ^Ich have one, two, three or four nodes corresponding 
to the increasing numerical value of the frequency. Usually the lower fre* 
quencies are those of particular interest in practice. The natural frequen* 
cies of the hl0ier order modes are generally beyond the operating frequencies 
of a system. 



*Ihe tenth order equation can be treated as a fith order equation because 

only even powers of W occur in it. 



me tour trequencxes U « were aecermaea xor caree aixxereac 

opeed ratios for the five aass system. The results sre ss follows: 

Case I; Speed Batio 1800/3000 
®1 • 64 ha - 
^ - 189 ha 
“3 - 315 ha 
®4 • 609 ha 

Case IX; Speed Katio 1800/4000 
- 52 ha 

"2 - 191 ha ORIGINAL PAGE IS 

. OF POOR QUALITY 

®3 - 294 ha 

% - 574 ha 

' j »- 

Case 111; Speed Satlo 1800/5000 
“l ■ 47 ha 
°2 • 209 ha 
®3 - 308 ha 
®4 - 629 ha 

Ihese values have been determined subject to certain approacifflations which 
should be noted: 

i) Continuous mass distributions have been lumped 

ii) Continuous parameter distributions e.g. torsional rigidities 
have been lumped 

ill) Gear assembly is sssumed to be rigid. Gear & tooth flexibility is 
neglected and gear backlash is ignored 

iv) Frictional energy dissapation e.g. in flexible couplings is con- 
sidered to be negleglble throughout the system 

v) Flexural vibrations have not been considered 

A lengthier and more detailed analysis would be needed to include the 

effects of these approximations. 


G2 



Mfttxenceat 

Too tMsle works of referoneo sro "Prsctlcsl Solueion of Torsional Vlb> 
ration Probleos** by K« Wilson, Wiley, New York, 1956 (Tso volunes) and 
'handbook on Toxsionsl Vibrations'* by E. J« Nestorides, Cenbridge tkiiversity 
Press, 1958. 
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Philadelphia gear corporation 

November 15, 1977 


Hydrothermal Power Company, Ltd. 

25721 Obrero, Unit B 

Mission Viejo, California 92675 

Attention: Mr. ' J.A. Sprankle 

Subject: Your P.O. #76-M-4 

our Order #489254 
Efficiency curves 


ORIGINAL PAGE IS 
OF PcCR QUALITY 


Gentlemen: 


To confirm our meeting of 11-9-77, the efficiency curves that were 
delivered to you on 10-25-77 were derived in a similar fashion e ' 
outlined to you in a July 21, 1977 letter from our Michael Heurdi m. 
The empirical data on the above order has indicated about ein 8% 
error in the calculated constant that we used in our heat-balanced 
equation. This error, in all probability, is caused by aeration 
of the oil. The empirical formula accounts for this and includes 
radiant heat losses as well. 


Hopefully, this is the information that Dr. McKay is looking for. 
Please advise us if there is anything else we can do to bring this 
matter quickly to a close. 

Very truly yours. 


PHILADELPHIA GEAR CORPORATION 



Mark M. Alter 
Sales Representative 


MMA/f j 


cc: Dr. R.A. McKay - Jet Propulsion 

cc: John L. Gillaspy - Anaheim 








MAHK M. ALTER 
Sa/68 /9d^esenfai/v9 

I 

I 

pNiodelphia 
georoorporstion 

?6C0 EAST MIRALOMA WAY 
... MfAHSM, CAUH3RNIA 9?S06 C '.4) <30-7800 

Hi 



2600 EAST MIRALOMA Vi AY, ANAHEIM, CA 92806 BR (714) 630-7800 ■ TELEX: 67-8328 






Philadelphia gear corpo^’otlon 

July 21, 1977 


Hydrothezmal Power Co. , Ltd. 

2051 Woodlyn Road 
Pasadena, California 91104 

Attention: Mr. J. A. Sprankle, 

Business Manager 

Reference: Your P.O. #76-M-4 

Our Order #489254 

. Your Letters of '/12/77 emd 6/14/77 

Gentlemen: 

I appreciate your concern in receiving the required 
efficiency data as well as your demonstration of good 
faith with the trustee account. As you know, we have 
submitted one set of efficiency data but unfortunately, 
the inlet oil temperature has been ch 2 mged rendering this 
data unusable for your purposes. Also, you must realise 
that the calculation tools available today are not 
sophisticated enough to guarantee the 1/2 of 1% meucimum 
error you have requested. 

A telephone conversation between Dr. McKay and myself 
indicated that an explanation of our testing/calculating 
heat loss method may suffice in satisfying this require- 
ment. 

I have attached three sheets covering the derivation 
of our heat balance equation and the particular lubricant 
used at our test stands. As you will note, empirical data 
has Indicated about an 8% error in the calculated constant. 
This error, in all probability, is caused by aeration of 
the oil. The cmperical formula accounts for this and 
includes radiant heat losses as well. 
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phlodelpW a geara^fpqation 


sheet na 
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Hydrothermal Power Co . , Ltd . 
Mr. J. A. Sprankle 
July 21, 1977 


If possible. Dr. McKay should run both loaded and 
unloaded tests using a torque cell and tachometer to 
verify the accuracy of our conscamt under his test stand 
conditions. Once this is established, the accuracy he 
requires for .lis testing should be attainable. 

I hope this data will suit your requirements. If 
there are any questions, please contact me. 

Very truly yours. 


CTC. 

rc 

cc: 


PHILADELPHIA GEAR 


ORATION 



Michael Jl/Hardiman, Manager 
Special Products Division 


Dr. R. A. McKay/Calif. Institute Tech. 
J. Gillaspy/P-G.C. , Anaheim, Calif 
J. Pooler/P. G. C. , King of Prussia, Pa. 
R. Meyers/P.G.C. , King of Prussia, Pa. 
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Mobil D. T. 
20 Series 


E.® 

HydrMiifeOiis 


The Mobil OiT.E. 20 series of high qutiity oils has been 
developed specificaiiy to satisfy ttw requirements 
d hyA^ic systems using the newer, high-pressure, 
higivoutput pumps. The large growth in hydraulic 
operation of systems on mobile equipment has re- 
sulted in the development of pumps that are smaller, 
yet deliver greater volumes of fluid at higher press- 
ures than were thought practicable a few years ago. 
Since response time is improved when a smaller 
volume of fluid at higher pressure is used, high 
pressure pumps are also being applied increasingly 
in hydraulic syemrns of machine tools and other irt- 
dustrial applications. Pump vanes or pistons, control 
valves, and linear and rotary actuators of hydraulic 
systems all operate with boundary or mixed film 
lubrication so that wear protection must be provided 
by thin oil films. As pressures and operating speeds 
are irtoeased. the loading on these thin films is in- 
creased. and the fluid must provide greatly enhanced 
antiwetf or film strength characteristics to protect 
against excessive wear. At the same time, oxidation 
and foaming resistance, demulsibiiity, and rust arvj 
corroston protection must be maintained at high levels 
to avoid other operating problems. 


PRODUCT DESCRIPTION 

The Mobil O.T.E. 20 series was developed in coop- 
eration wiflt pump and hydraulic system compone^ 
manufacturers to provide the superior antiwear and 
film strength characteristics necessary for the new 
high pressure hydraulic pumps that a. e coming into 
wide use. They are formulated from high quality, 
chemically stable, high VI base stocks combined 
with additives chosen to provide the specific prop- 
erties required in hydraulic fluids. Compared to the 
best automotive oils, they provide superior 
performance chtfacteristics including demulsibiiity. 
rust prevention, and resistance to deposit formation, 
and equal anti wear protection. In addition, the 
viscosibes are chosen to accurately meet the require- 
ments of hydraulic pump builders and coincide with 
the new ASTM viscosity grades. Furthermore, their 
functional characteristics permit a wide range of in- 
dustrial applications oth^r than in hydraulic systems. 

In the development of the Mobil O.T.E. 20 series, 
extreme care was given to the selection of antiwear 
agents and rust inhibitors which will not interfere 
with water separating characteristics. The combina- 
tion of additive components was carefully balanced 
with the base stocks to ensure that the final products 
provide the best obtainable combination of antiwear, 
demulsibiiity. oxidation resistance, rust protecbon 
and foam resistance properties. A protective barrier 
is provided by a thin film of oil which prevents the 
rusting of metal parts in the presence of small 
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CtlMBCiWlBflS 

MoM O.T4L 24 


MoMI O.TX 25 

MoMI D.T.E. 25 

Qf«vfty« APf 

317 


30.6 

29.9 

SptcMc Grsvtty 

0J67 


0J73 

0.877 

Pour Point, max. F (C) 

0(-18» 


0 (-18) 

0 (-18) 

FItth FMit mn. f CO 

306(232) 


400(204) 

400(204) 

Vtscooity 

Sl^cIlOOf 

153 


225 

300 

SUStt2l0F 

43 


40 

S3 

eSt at 38C 

33 


48S 

65 

eSi at 99C 

5.1 


7i) 

5.2 

Viscosity index 

95 


95 

96 

Rust. ASTM 0 665. A A B 

Pass 


Pass 

Pass 

Color. ASTM. Max. 

2.0 

- 

n w 

2.5 

3.5 

Cineinnsti Milscron, Inc. 
C M Co Hast rest 

1 Week St 275 *F (135 *C) 

PttS 


Past 

Pass 



■mounts of twater or condensed moisture from the air. 
They have shown superior fluid durabiiity (resistance 
to deposit formation) and exceptional service per> 
formance. 

TYPICAL CHARACTERISTICS 

Physicai and chwnicai characterittics of the Mobil 
D.T.E. 20 oils are shown in the data sheet table. 
Those values which are not shown as maximums or 
mmirmens are typical characteristics which may vary 
sliQhtly. 

APPLICATION 

Mobil O.T.E. series oils are recommended for 
hyitoaulic applications in industrial, marine and mobile 
service. ThMe oils are Mobtl’s primary recommen> 
dabon for all hydraulic applications including the 
newer, high-pressure systems in industrial service, 
especially when the equipment manufacturer 
specifies the use of antiwear type hydraulic fluids. 

Since Mobil O.T.E. 20 series oils are the primary hy- 
draulic recommendation at ail times, application 
consists mainly of selecting the proper grade for the 
pwttcular system. Selection of the correct viscosity is 
based on ambient and txilk fluid temperatures, as well 
as the operating pressure and design characteristics 
of the pump and system. Mobil O.T.E. 24 is recom- 
merKfed frequently for small gear pumps, vane pumps 
aiKl both radial and axial piston pumps. Mobil O.T.E. 
26 is recommended as the oil meeting the viscosity 
requirements of vane pumps and gear pumps 
operating at high pressures or temperatures. It is also 
recommended for radial and axial piston pumps. 
Mobil O.T.E 25 meets the viscosity requirements for 
many vane pumps and is an excellent product to 
simplify plant inventory, when a single oil is desired 
to replace one of 150 SUS (32 cSt) at 1(X) F (38 C) 
and another oil of 300 SUS (65 rSt) at 100 F (38 C). 


Some hydraulic equipment maiuifacturers specify 
a preferred viscosity (at 1(X) F) for vane and axial 
piston pumps. Mobil O.T.E 24 is recommended where 
a 150 second oil is specified: Mobil O.T.E 25 for a 250 
second oil and Mobil O.T.E 26 for a 300 second oil. 
Other manufacturers base their recomntendations on 
pump pressures. When this pressure is below KXX) psi 
(70 kg/cm'). Mobil O.T.E 24 is recommended; below 
1500 psi (105 kg/cm«). Mobil O.T.E 25; and over 1500 
psi (105 kg/cm^). Mobil O.T.E 26. 

Mobil O.T.E 20 series oils are also recommended for 
many circulation, splash, bath and ring oiling systems 
supplying lubricant for the bearings and gears of in- 
dustrial machirrery. Their adaptability to these 
applications can greatly reduce inventory and lub- 
rication costs where these oils are required for 
hydraulic use. They are not recommended for steam 
turbine nor ammonia refrigeration compressor 
service. Where no unusually high temperatures are 
involved. Mobil O.T.E. 26 may be used as the lubri- 
cant in single-stage reciprocating compressors up to 
80 psig (5.6 kg/cm^) or in two-stage reciprocating 
compressors up to 150 osig (10.5 kg/cm^) of the type 
normally used for producing ''plant” air. 

ADVANTAGES 

I 

Mobil O.T.E. 20 series Oils offer the following 
advantages and benefits: 

Outstanding antiwear performan ce 

High resista nce to oxidation degradation 

Good protection against rust corrosion 

Good foam resistance 

Goo<j water separation in hydraulic systems 
(direct grades for hydraulic service 
Worldwide availability 
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ibsCombining Advanced Design with Proven Performance 


RELATIONSHIPS OF SPEED, CAPACITY, PRESSURE. POWER CONSUMPTION 


Table “A” below shows the capacity' and suggested driv* 
ing motor size for different speeds and pressures. These 
figures are baseo upon pumping a liquid of about 200 
SSU viscosity with a 15 ' maximum vacuum. While Tut- 
hill Series C pumps will develop as high as 27" of 
vacuum, it is sound engineering to reduce the vacuum 
to a minimum. 


The speed of the pump must be reduced when handling 
liquids of high viscosity, and the size of lines increased 
to prevent cavitation, loss of capacity and high power 
requirements. For typical performance with liquids of 
varying viscosities kindly see chart “6" below. For 
speeds above ISC^ rpm and fluid temperatures above 
200” F, consult factory. 
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Testing Organization KATO ENGINEERING^ CO. 

Test Performed By ( 1) ^ 

i Z) 

(ii: 

in 

Test Performed On 4//** J 7 /j; 

— (Month and Year) 

I hereby certify that to the best of my knr^ledge all tests were 
pel /ornied in accc ••'ance with test specifications in 

and cfue data representing these tests is contained 

In this report. 


1 


qnature and Titled 



KATO ENGINEERING COMPANY 
Maokato, Minn. 

LIST OF SYMBOLS 


ORIGINAL PAGE IS 
OF POOR QUALITY 


ACV 

ACI 

KVA 

YX 


PP 

GFV 

(71 

trp 


L-L 

IrN 

RPM 


U>8. 

Pt. 

Dyn 

CT 



X2 

MPI 

MFV 


Hotor EFI 
Motor EFV 


-nl 

Pfl 

I 

1 - 2-3 


Vave 

lave 


CC res 
CC Comp 
ZPI (Gen. I 
BFV (Geri.) 
NA 

CWFDE 

CCtfFDE 

EPF 

T’do 

T'd 

W&F 

CL 

&LL 


(^nerator output voltage 
(Senerator output current 
Kilovolt-amperes 

Power output or input in kilowatts 
Power Factor 

DC voltage generator field 

Generator field amps 

Rated phase voltage 

Rated phase current 

Aooieter reading 

Line to Line 

Line to Neutral 

Revolutions per minute 

Ohms 

Pounds 

Feet 

Dynamometer 

Current Transformer 

Direct axis synchronous reactance 

Direct asix transient reactance 

Direct axis subtransient reactance 

Short Circuit Ratio 

Negative sequence reactance 

Zero sequence reactance 

Motor Field Current 

Ifotor Field Volts 

Motor exciter field current 

Motor Exciter field volts 

Frequency no load 

Frequency full load 

Voltage no load ' 

Voltage (3 full load 

Line current (3 full load 

Three phase terminal to terminal readings 

Three phase line currents 

Average of the three phase voltages 

Average of the three line currents 

(hross current resistor 

Cross current compensation 

Exciter field amps 

Exciter field volts 

Mot applicable 

Clockwise facing drive end 

Counterclockwise facing Jrive end 

Efficiency 

Direct axis transient open circuit tiir.c constant 
Direct axis transient short '*lrcuit time constant 
Windage & Friction 
Core loss 
Stray load loss 
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SYNCHRONOUS MACHINE COTJIMERCIAL TEST 
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/ ^ S' 3 Cf 
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SATURATION CURVE 
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DIELECTRIC STRENGTH 
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2) CONNECTED FOR *-f - LEADS WHEN SHIPPED. 
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4) VOLTAGE ADJUST RANGE: 
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10 0 % Lo/iO 

EFFICIENCY CALCUUTIONS 
KATO ENGINEERING CO. 
Mankato, Minnesota 


S/N 

MODEL fOoO £e9E, 
MIL-STD 70S 
METHOO US' 

DATE 


A. Friction S Windagje Loss (No Excitation) 


Matts « F L N 

5252" * 


746 


• (30-irX3.syi7 tA 

535? X 746 


Nhere: F • NET FORCE IN LBS. 

L • LEVER ARM IN FT. 

N « SPEED OF DYNOMOMETER IN RPM 




WATTS 


B. Core Loss * Windage and Friction (8 Rated Voltage) 


Watts 


■ F L N 
5252 


X 746 


X2..T2. 


X 746 


• 3SJS^S^ 


WATTS 
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Core Loss B-A 


* lfrgr - A70g3 

- Sr JTQ 3.. WATTS 

C. Armature Copper Loss (Stray Load Loss Test) 


Watts * I2^^ X R X 3 Where: I • RATED ARMATURE CURRENT 

• (lFO*f)2 (.ooisr ) (3) 

• w;-TS 

D. Stray Load Loss ♦ I^R ..oss ♦ Friction 5 Windage (8 Rated Armature Current) 
Watts ■ F L N 


R « ARMATURE RESISTANCE PER PHASE 
AT TIME OF THE STRAY LOAD 
LOSS TEST. 


555T * 

746 

>• cie** 


5252 


miTs 


[Q 


Stray Load Loss ■ D-(A ♦ C) 

9 

• V/t-fS • ( a7??l «/ef/ f ) 

s. J2ta2__ vi^Arrs 
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EFFIClENg CALCUUTIONS 
XATO ENGINEERING CO. 


Mankato, Minnesota 


S/N "7*f 

MODEL ic6ce/z^e 
MIL- STD- 705 
METHOD 415.0 
DATE 


E. Axnature I^R Loss' 

Matts • I^arm X x 3 

■ US6H (•oo/jsat (3) 

■ / 1 5L Watts 


Where: I^ . RATED ARMATURE CURRENT 


•^75 » RESISTANCE i'ER PHASE 

Corrected to 75 *c 


R 75 


• 234.5 ♦ 75 
234 .S f49.S^ 



■ X ©o/V65ohms 

• *oo I7yr ohms 


F. Generator Field I^ X R Loss 

( 4 o) K /.^ 3 6 
\^4rrs 


Where: If . piELD CURRENT AT RATED LOAD 


75 • RESISTANCE OF THE FIELD 

CORRECTED TO 75“ c 


■ 


234.5 •«• 75 
234.5 ♦ 43 , y' 


X /• 366 ohms 


' Total Losses (Watts) 


1. Friction S Windage Loss — 

2. Core Loss - ■ ' 

3. Stray Load Loss — 

4. Armature l2g Loss " 

5. Field I2 r Loss 

4 . 

Efficiency: 

% Eff. • 100 - Losses X 100 

Output * Losses 


tSO SL 
3Vr 7 
//p/ 2L 


S7 0^ C, 


• 100 - (r?fejfc) (100) 

5"7634 ■ 

■ 100 - 5*. 44 


IH4 X 1*366 ohms 
V. 65^ ohms 


4 


% Eff. • 9*#*5’5* 
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75“ <5^ Lo^O 

EFFICIENCY CALCULATIONS S/N 

MODEL 

KATO ENGINEERING CO. MIL-STD 70S 

method ns'.O 

Mankato, Minnesota DATE //-Jo -7 7 


A. Friction S Windage Loss (No Excitation) 


Watts « F L N 

5252” * 


746 


Where: 


. 5252 


X 746 


WATTS 


F « NET FORCE IN LBS. 

* 

L • LEVER ARM IN FT. 

N » SPEED OF DYNCM40METER IN R?M 
^3rr» 


B. Core Loss * Windage and Friction (@ Rated Voltage) 


Watts 


« F L N 
5252 


X 746 


X 746 
WATTS 


Core Loss B>A 


g.>g:ogL. 


WATTS 


C. Armature Copper Loss (Stray Load Loss Test) 


Watts s l2„_ X R X 3 
arm 


( ) (3) 

WATTS 


Where: I « RATED ARMATURE CURRENT 

R - armature' RESISTANCE PER PHASE 
AT TIME OF THE STRAY LOAD 
LOSS TEST. 


0. Stray Load Loss * I^R Loss Friction S Windage (S Rated Armature Current) 
Watts - F L N 


5252 


X 746 


5252 


X 746 


WATTS 


111 


Stray Load Loss > D-(a « C) 

- (. 
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EFFICIENCY CALCULATIONS 


K.iTO ENGINEERING CO. 


Mankato, Minnesota 


S/N 

MODEL 

MIL-STD-705 
METHOD 41S.0 


DATE 


E. Armature I^R Loss* 

Matts » I^arm X x 3 
• ( )2 ( 


) (3) 


(/< f/aj X\- Watts 


Nh«Te: I.^ « RATED ARMATURE CURRENT 
arin 


H 75 • RESISTANCE PER PHASE 
Corrected to 7S*c 


*7S • 234.5 ♦ 7S 

234.5^t-T * 


ohms 


309.5 


X ohms 

ohms 


F. Generator Field X R Loss 


Where: If . piEU) CURRENT AT RATED LOW) 


- S"!-^ 
vts ^ x*“ iS. 

s: V390 


Total Losses (Watts) 


«7S 


, • 


1. Friction Win^’age Loss S10t% 

2. Core Loss S«S“o A 

3. Stray Load Loss / Y 3 

4. Armature i2r Loss ^7 ^ O 

5. Field I2R Loss ' V3f d 

6. tMC/rfiA 

Efficiency: 


\ Eff. • 100 - Losses x 100 

Output ♦ Losses 


« RESISTANCE OF IHE FIELD 
CORRECTED TO 7S*c 


- 234.5 ♦ 75 
234.5 ♦ 


ohms 


* 309.5 


ohms 


ohms 


0 



• WO - ( (100) 

ISOfOao* 

- 100 - d?,/5"7 


% Eff. • 9 3. S Y- 
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EFFICIENa CALCUUTIONS 


KATO ENGINEERING CO. 


Mankato, Minnesota 


S/N 

MODEL i00 0^^9S 
MIL-STD 70S 
METHOD tiS’-O 
DATE //-a3*76 


A. Friction Q Windage Loss (No Excitation) 


Watts • F L N 

55fr * 


746 


5252 X 746 


Where: F > NET FORCE IN LBS. 

L ■ LEVER ARM IN FT. 

N ■ SPEED OF DYNOMOMETER IN RPM 




WATTS 


B. Core Loss * Windage and Friction (6 Rated Voltage) 


Watts 


- F L N 
S2S2 


X 746 


X 746 
WATTS 


Co''e Loss B-A 


■ gS-0 3L KATTS 

Armature Copper Loss (Stray Load Loss Test) 


Watts « l2-_ X R X 3 
arm 


Where: I » R/TTED ARMATURE CURRENT 


• ( ( ) ( 3 ) 

• WATTS 


R « ARMATURE RESISTANCE PER PHASE 
AT TIME OF THE STRAY LOAD 
LOSS TEST. 


D. Stray Load Loss * I^R Loss ♦ Friction B Windage (8 Rated Arm .are Current) 


Watts 


• F L N 

nsT' 


X 746 


5252 


X 746 


WATTS 


Stray Load Loss > D-(A *■ C) 
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EPPICIENg CALCUUTIONS 
KATO ENGINEERING CO. 
Mankato, Minnesota 


s/N 

MODEL lOOO 
MlL-STO-705 
METHOD 415.0 
DATE i/-3d-7^ 


E. Armature I^R Loss* 

Watts ■ I^am X x 3 

■ ( )^ ( ) (3) 

> 

577^ Wa:ts 


Where: 1^^^^^ « RATED ARMATURE CURRENT 


•^75 ■ RESISTANCE PER PHACE 
Corrected to 7S*c 


•^75 « 234.5 ♦ 7S 
234. 


• 309. S V 


X- ohys 
ohms 


ohms 


P. Generator Pie Id I^ X R Loss 

•={6d - ^ 


£- 

4. 




- v^.4» 
.= (¥3.0 

■=: i//0 

Vgtal Losses (Watts) 


1. Priction ft Windage Lors 

2. Core Loss 

3. Stray Load Loss 


Where: If 

- PIELD CURRENT 

"7S 

• RESISTANCE OP 


CORRECTED TO 

“75 

• 234.5 ♦ 75 „ 


i*i4.r- — ^ 


'« 309.5 y 


4. Armature I^r 'qss ■ ■■ 

5. Pield I2 r Loss— 

6 er^uree Lass 

Efficiency: 

\ Eff. - 100 " Losses x 100 

Output ♦ Losses 

• 100 - (100) 
SOOfCOO* 

- 100 - 

\ Eff. - <>5,0 T 


470S5 

9(»2. 

3UO 

H3JT 

tiXHOO 
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ohms 


ohms 
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EFFICIENCY CALCUUTIONS 


KATO ENGINEERING CO. 


Mankat-j, Minnesota 


S/N 7V^ Z.5* 
MODEL 

MIL-STO 70S 
MEiHOl \,sr-€> 
DAr //- 3 0 ^ 7 ^ 


A. Friction ^ Windage Loss (No Excitation) 


Watts » F L N 

nsr 


S2S2 


X 746 




watts 


Where: F • NET FORCE IN LBS. 

L • LEVER ARM IN FT. 

N » SPEED OF DYNOnJOMETER IN RPM 
<ZO!r» 


B. Core Loss Windage and Friction (8 Rated Voltage) 


Watts 


• F L N 
5252 


X 746 


X 746 
WATTS 


Core Loss B-A 


C. Armature Copper Loss (Stray Load Loss Test) 

Where: I • RATED ARMATURE CURRENT 

• ( )^ ( ) (3) 

• WAITS 


Watts « l2 X R X 3 
arm 


R « ARM^-.TIRE RESISTANCE PER PHASE 
AT TIME OF THE STRAY LOAD 
LOSS TEST. 


D. Stray Load Loss ♦ I^R Loss ♦ Friction 5 Windage (§ Rated Axmature Current) 
Watts • F L N 


525T 


X /<6 


■5HT 


X 746 


WATTS 


1-15 


Stray Load Loss ■ D*(A ♦ C) 


-.'-y 7^ • !3T - ( — ') 
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^0% L0AJ> 

EFFICIENCY CALCULATIONS 

KATO ENGINEERING CO. 

Mankato, Minnesota 


s/N 

MODEL ht>C 
MiL-ST0-70S 
METHOD 41S.0 
DATE 


E. ATMture I^R Loss* 

Matts • I^arsr X R^^ x 3 


• ( 




) (S) 


^//7/a.) ■ watts 


Nhere: I^^ • RATED ARMATURE CURRENT 

*^75 - RESISTANCE PER PHASE 
Corrected to 7S*c 


*7S - 234. S ♦ 75 • 
• 30D.S 


ohns 


ohns 


ohns 


P. Generator Field I^ X R Loss Nhere: If 

•s: 33.7^ 


UiATTiS JZ 






Total Losses (Watts) 


1. Friction 8 Windage Loss 

2. Core Loss — — — 


3. Stray Load Loss •— 

4. .Azmature I^r Loss— 

5. Field I2r Loss — 

6. £kciTE/1 LtSS 
Efficiency: 


% Eff. • 100 - Losses x 100 

Output ♦ Losses 

■ 100 - (iE^gg) (100) 

♦jgagB 

■ ipo - 

% Eff. • S3.95 


“ts 

“7S 


. £70^3 
. ?.T(0 3. 

/3 S' 
V76 

S8Z8S 


146 


FIELD CURRENT AT RATED LOAD 


RESISTANCE OF THE FIELD 
CORRECTED TO 75*c 


• 234.S ♦ 75 
234.5 ♦ 


ohns 


•>309. S 


>«X . ohms 
ohns • 


<C,~ ^ 
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to % LoAb 

EFFICIENCY CALCUUTIONS 
KATO ENGINEERING CO. 
Mankato, Minnesota 


S/N 

MODEL iOfiO 
MIL-STD 70S 
METHOD 
DATE 


A. Friction fi Windage Loss (No Excitation) 


Watts * F L N 

51S5” * 


746 


S252 


X 746 




KATTS 


Where: F * NET FORCE IN LBS. 

L • LESTER ARM IN FT. 

N • SPEED OF DYNO^^OMETER IN RPM 


B. Core Loss ♦ Windage and Friction (8 Rated Voltage) 
Watts « F L N 

s2sr * 


X 746 
WATTS 


Core Loss B-A 


•_2£V15^ WATTS 

C. Armature Copper Loss (Stray Load Loss Test) 


Watts 


X R X 3 
aim 


r ( ) (3) 

WATTS 


Where: I « RATED ARMATURE CURRENT 

R . armature’ RESISTANCE PER PHASE 
AT TIME OF THE STRAY LOAD 
LOSS TEST. 


0. Stray Load Loss ♦ I^R Loss ♦ Friction S Windage (8 Rated Armature Current) 


Watts • F N 

52^2 * 


5252 


X 746 


WATTS 


Stray Load Lo«is • L-(A ♦ C) 

~C‘ OC-Jvvt) . ss‘ . ( - . 


117 

) 
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OF POOR QUALfTY 


EFFICIENCY CALCULATIONS 
KATO ENGINEERING CO. 


Mankato, Minnesota 


S/N 7Vjra-4 
MODEL 

MIL-STO-705 
METHOD 415.0 
DATE $0 VaU /F94 


E. Anaature I^R Loss 

Natts « I^arm X x 3 

■ ( )* ( ) cs) 


• //? Watts 


F. Generator Field I^ X R Loss 

- •+- '27. 2. 

3o>*iT 

\AJA‘TrS = X ^ ^ 

=- i5”Z.o to 

Total Losses (Watts) 


Where: - RATED ARMATURE CURRENT 


1^75 - RESISTANCE PER PHASE 
Corrected to 75*c 

*75 ■ 234.5 ♦ 75 

13470^ X ohms 


309.5 


X ohns 

I 

ohms 


Where: If . field CURRENT AT RATED LOAD 


*7i 

*75 


RESISTANCE OF THE FIELD 
CORRECTED TO 75* c 


234.5 ♦ 75 
234.5 ♦ * 


ohms 


309.5 


X ohns 

ohns 


1. Friction S Windage Loss "~ 

2. Core Loss - ■ 

3. Stray Load Loss ~ 

4. Armature I2r loss --- 

5. Field I2 r Loss 

4t. Sn C tT£A ■’ 

Efficiency : 

\ Eff. • 100 - Losses x 100 

Output * Losses 


^*70^3 

IS'LO 

/9S 

JwIT 


4 


■ 100 - (J7W1.) (100) 

* 31SV2- 

« 100 - av 


% Eff. • 

M8 


/<" 
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% Lo^O 

EFFiaENa CALCULATIONS 
KATO ENGINEERING CO. 
Mankato, Minnesota 


pfO 

S/N ^ 

MODEL BA9£ 

MIL«STD 70S 
METHOD />Jvo 
DATE 30 No\f /f76 


A. Friction S Windage Loss (No Excitation) 


Watts • F L N 

JlSr * 746 


. 52S2 


X 746 


WATTS 


Where: F « NET FORCE IN LBS. 

L • LEVER ARM IN FT. * 

N • SPEED OF DYNO^iOMETER IN RPM 


B. Core Loss Windage and Friction ((I Rated Voltage) 


Watts 


• F L N 
S2S2 


X 746 


X 746 


WATTS 


Core Loss B>A 




WATTS 


C. Armature Copper Less (Stray Load Loss Test) 
Watts 

aim 

( ) (3) 

WATTS 


l2 X R X 3 
ami 


( 


Where: I « RATED ARMATURE CURRENT 

R • armature' RESICTANCE per PHASE 
AT TIME OF THE STRAY LOAD 
LOSS TEST. 


0. Stray Load Loss ♦ I^R Loss ♦ Friction S Windage (t Rated Armature Current) 
Watts • F L N 


JIsT 


X 746 


T5ST 


X 746 


WATTS 


Stray Load Loss « D-(A ♦ C) 


1-19 




.I2»3L s JT 


I lAi4 
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EFFICIENCY CALCULATIONS 
KATO ENGINEERING CO. 
Mankato, Minnesota 


S/N 

MODEL efL*ie 
MIL-STO-705 
METHOD 41S.0 
DATl Jo Atou 4 


6 




E. Aroature I^R Loss 

Matts • I^axn X Ryj x 3 

• ( )^ ( ) (3) 

Watts 


fR.«re: I^ « RATED ARMATURE CURRENT 


1^75 • RESISTANCE PER PHASE 
Corrected to 7S*c 


*75 « 234.5 ♦ 75 
234.S.tT^ 

• 309.5 V 


X- ohms 
ohms 


ohms 


P. Generator Field I^ X R Loss 


Where: If 

« FIELD CURRENT AT RATED LOAD 

u/4rr5 » X 12- 

» 

"js 

- RESISTANCE OF THE FIELD 



% 

CORRECTED TO 75*c 

- 437a 


1 

I/I 

- 234.S ♦ 75 ^ ‘ 


Total Losses (Watts) 


1. Friction S Windage 

2. Core Loss 

3. Stray Load Loss 

4. Armature l2g toss 

5. Field 12 r Loss 

0. 

Efficiency: 


Loss ;27^?“3 

rro2. 

o r. 

210 


% Eff.\« 100 - Losses x 100 

^ Output ♦ Losses 

• '100 - 1^21112-0221 


• 100 - H,yt 


309.5 


ohms 


ohms* 



% Eff. • ?1T. *#“ 
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Ad 

EFFIClENa CALCULATIONS 
KATO ENGINEERING CO. 
Mankato, Minnesota 


S/N ^ 

MODEL lOCff enfS 
MIL-STD 70S 
METHOD HIT^O 
OATE io AJO^* 


A. Friction % Windage Loss (No Excitation) 
Watts • F L N 


555T 


X 746 


■ S2S2 

AZPl^. 


X 746 


WATTS 


Where: F ■ NET FORCE IN LBS. 

L ■ LEVER ARM IN FT. 

N • SPEED OF DYNOMOMETER IN RPM 


B. Core Loss * Windage and Friction (6 Rated Voltage) 
Watts « P L N 


S252 


X 746 


X 746 


WATTS 


Core Loss B-A 


• yS"o ;L WATTS 

C. Armature Copper Loss (Stray Load Loss Test) 


Watts « l2,^ X R X 3 
am 


y ( ) ( 3 ) 

WATTS 


Where: I « RATED ARMATURE CURRENT 

R « ARMATURE* RESISTANCE PER PHASE 
AT TIME OF THE STRAY LOAD 
LOSS TEST. 


D. Stray Lo"«i Loss * I^R Loss ♦ Friction 6 Windage (9 Rated Armature Current) 
Watts « F L N ' 


55sr 


X 746 


X 746 


5252 


WATTS 


Stray Load Loss * 0-(A ♦ C) 


121 
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EFFICIENCY CALCUUTI0N5 


KATO ENGINEERING CO. 


Hankato, Minnesota 


S/N 

MODEL 

MIL-STO-705 
METHOD 41S.0 


DATE 


E. ATBature l^R Loss* 



I^arm X R^^ X 3 
( )^ ( ) (3) 

“atts 


Nhere: ■ RATED ARMATURE CURRENT 


•*75 ■ RESISTANCE PER l^E 
Corrected to 7S*c 


*75 


- 234.5 ♦ 75 


ohms 


- 309.5 


ohms 


- • ohms 


F. Generator Field I^ X R Loss 


Where: If , piELD CURRENT AT RATED LOAD 




Ss ■ RESISTM4CE OF THE FIELD 
CORRECTED TO 7.5*c 


” <?34. 



234.5 ♦ 75 
234.5 ♦ 


ohms 


« 309.5 jj 


ohms 


ohms 


Total Losses (Watts) 

1. Friction S Windage Loss 77^9 Z 


2. Core Loss X 

3. Stray Load Loss 19-c % 

4. Amature I^g toss ^ 

5. Field I2 r Loss !*i 3 ^ 

^ £%ctrfi:0 

Efficiency: tfj jiff 


\ Eff. • 100 - Losses X 100 

Output Losses 

• 100 - ( 100 ) 
7So^O0O* 

- 100 - 5;yy 

% Eff. • <) H . 


L22 





5*0 7. e,i.oPF 

EFFICIENCY ^LCUIATIONS 
KATO ENGINEERING CO. 
Mankato, Minnesota 


S/N 7V»TiG» 

model e^9£ 

MIL^STD 70S 

METHOD /U*70 

DATE 3® 197^ 


A. Friction E Windage Loss (No Excitation) 
Watts • F L N 

SKT * 


S2S2 

3 


X 746 


WATTS 


Where: F « NET FORCE IN LBS. 

L > L£m ARM IN FT. 

N * SPEED OF DYN(»iOMETER IN RPM 


B. Core Loss * Windage and Friction (@ Rated Voltage) 
Watts • F L N 


525T 


X 746 


X 746 
WATTS 


Core Loss B-A 


■ a, WATTS 

C. Ainature Copper Loss (Stray Load Loss Test) 

Watts « X R X 5 Where: I • lOtlED ARWTURE CURRENT 

• ( )^ ( ) (3) 

• WATTS 


R • ARMATURE RESISTANCE PER PHASE 
AT TIME OF THE STRAY LOAD 
LOSS TEST. 


0. Stray Load Loss * I^R Loss ♦ Friction B Windage (B Rated Armature Current) 
Watts • F L N 


5251 " * 

5252 


X 746 


WATTS 


Stray Load Loss ■ D>(A ♦ C) 
/ &Ol ^ 


1-23 
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EFPICIENa CALCUUTIONS 
KATO ENGINEERING CO. 
Mankato, Minnesota 


S/N 

MODEL /0€ta 
MIL-STD-70S 
METHOD 415.0 
DATE Jo 4^®*' 



E. Armature I^R Loss’ 

Where: 

Arm 

> RATED ARMATURE CURRENT 


Watts • I^arm x R^j x 3 

• ( )^ ( ) (3) 

*7S 

> RESISTANCE PER P^E 
Corrected to 7S*‘c 



"75 

■ 234.5 >75 

• t9o2. **»«» 

• 

234. X ohms 

( \SoH 



• 3<D9;^ ^ 


• 

• 

• . ohms 


P. Generator Field X R Loss 

FLO 

• 

Where: If 
*J5 

« FIELD CURRENT AT RATED LOAD 


- RESISTANCE OF THE FIELD 




CORRECTED TO 75*c 


VU4TTS = ^ ^ ^ *1. 

^ ^ (• (0 

Vs 

• 234.5 ♦ 75 „ . ' 

2S4.S . * 


- y «? 


“»•* X oh« ■ 


<^s 


- Total Losses (Watts) 

1. Friction ( Wind^e Loss 


2. Core Loss ^ 

3. Stray Load Loss ST^O 

4. Armature 12^ £^55 

5. Field I2r Loss /4 2? ' 

C. EKCire.fi- Cosier 


Efficien^: 




% Eff. • 100 - Losses x 100 

Output * Losses 


• 100 - ( 100 ) 
• 100 - 7 .?^ 


% Eff. • 


•ya.c/ 


1-24 
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EFFICIENCY CAICUUTIONS 
KATO ENGINEERING CO. 
Mankato, Minnesota 


S/N 7 y JT2. ^ 

MODEL £*£9& 

MIL-STD 70S 
METHOD yo“o 
DATE AJou 1976 


A. Friction S Windage Loss (No Excitation) 
Matts • P L N 


nsr 


X 746 


. S2S2 


X 746 


WATTS 


Where: F • NET FORCE IN LBS. 

L « LEVER ARM IN FT. 

N • SPEED OF DYNOMO^^ETER IN RPM 


B. Core Loss ♦ Windage and Friction (6 Rated Voltage) 
Watts • F L N 


S252 


X 746 


X 746 
WATTS 


Core Loss B>A 


• WATTS 

C. Armature Copper Loss (Stray Load Loss Test) 
Watts 

«AIH 

( ) (3) 

WATTS 


X R X 3 
am 


( 


Where: I > RATED ARMATURE CURRENT 

R • ARMATURE RESISTANCE PER PHASE 
AT TIME OF THE ST AY LOAD 
LOSS TEST. 


0. Stray Load Loss ♦ I^R Loss ♦ Friction S Windage (9 Rated Armature Current) 
Watts • F L N 


fjsr * 


X 746 


WATTS 


125 


L 


stray Load Loss ■ D-(A ♦ C) 


if_- (■ 


oO 



EFP'iCIENCY CALCUUTIONS 


ORIGINAL PAGE 
OF POOR QUALITY 


KATO ENGINEERING CO. 
Mankato, Minnosota 


S/N 

MODEL 

MIL-STD-70S 
METHOD 41S.0 
DATE 


E. AYmatuTO I^R Loss* 

^ Natts • I^arm X x 3 



■ Watts 


Wharo; I^^ . RATED ARMATURE CURRENT 

^75 - RESISTANCE PER PHASE 
Corrected to 75 *c 


*7S 


» 234.5 ♦ 75 
234.5^^ 


■ 309.5 jj 


ohms 


ohms 


F. Generator Field X R Loss 

• 

Where: I^ 

• FIELD CURRENT AT RATED LOAD 


*75 



• RESISTANCE OF THE FIELD 



CORRECTED TO 75"c 

z. X ^ -2, , . , A 

Vs 

• 234.5 ♦ 75 „ 
. 234.5 ♦ * ^ 

I30C. 


'• 309 .J 


« ' ohms 


Total Losses (Watts) 


1. Fraction ^ Windage 

2. Core Loss 

3. Stray Load Loss 

4. Armature l2g 

5. Field I2 r Loss 
4. €'f-c<T€n 

Efficiency: 


Loss 

3 03 
/ 3 06 
I 7 7 
J7VX*f 


% Eff. « 100 - Losses X 100 

Output * Losses 


• 100 - (?7Vrf) ( 100 ) 

>200, aao* 3 7Vrf 

• 100 - / r. 7 7 


% Eff. • ?Y Z2- 


1-26 
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EFFICIENCT CALCUUTIONS 

ORIGINAL PAGE IS 

OF POOR QUALITY ENGINEERING CO. 

Mankato, Minnesota 


S/N 

MODEL 

MIL'STD 70S 
METHOD 

DATE %o 4/01/ /e?6 


A. Friction S Windage Loss (No Excitation) 


Watts ■ F L N 

5555 “ X 746 Where: F • MET FORCE IN LBS. 

L • LEYER ARM IN FT. ' 

■ 

5252 * N « speed OF DYNO^^OMETER IN RPM 


• -tnoT3 • 


WATTS 



B. Core Loss * Windage and Friction (9 Rated Voltage) 

Watts ■ F L N 

r5Tr- X 746 


X 746 

■ WATTS 

Core Loss B*A 


■ TSro WATTS 

C. Armature Copper Loss (Stray Load' Loss Test) 

Watts • l2 X R X 3 ^ 

»rm Where 

• f )^ ( ) (5) 

• WATTS 


I • RATED ARMATURE CURRENT 

R - ARMATURE RESICTANCE PER PIIASL 
AT TIME OF THE STRAY LOAD 
LOSS TEST. . 


D. Stray I^ad Loss ♦ I^R Loss ♦ Friction 6 Windage (9 Rated An..ture Current) 
Watts - F L N 


55fr * 


X 746 


WATT5 


Stray Load Loss ■ D-(A ♦ C) 


1-27 
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EFFICIENCY CALCUUTIONS 

KATO ENGINEbriNG CO. 

Mankato, Minnasois 


S/N 7V5:£- ^ 

MODEL 

MIL>STD-705 

METHOD 41S.0 

DAIE Jo NO*f 4TT7 


E. Aimature I^R Loss* 

Matts • I^arm X x 3 


Nhera: I 


• ( 


( 


) (3) 




//9/a) 


an 

*75 

*75 


- 7^ , O Matts 


F. Generator Field I^ X R Loss 


Mhere: tf 



s.(j7.3 - 

Ss 



■T ii i3 

m 

RESISTANCE OF THE FIELD 


- 


CORRECTED TO 7S*c 

WAm 

7- T>2. 

“^5 

m 

234.5 ♦ 75 „ 



J343” 

\ ' 


— /aov U//S-TTS 


'm 

X ohns 


RATED ARMATURE CURRENT 


RESISTANCE PER PHASE 
Corrected to 75*c 


234.5 ♦ 75 


ohns 


309.5 


X . ohsa 

OhKS 


FIELD CURRENT AT RATED LOAD 


ohns 


Total Losses (Matts) 

1. Fri«.tion 5 Windage Loss 

2. Core Loss 

3. Stray Load Loss 

4. Armature l2g Loss 7^ 

5. Field i2r Loss IXoi ' 

& LciiMi /^3 

EMlci«lc : 37i»S-<? 

% B£f. ■ 100 - Losses x 100 

Output ♦ Losses 

• 100 - U ?^ £ pJ...Li0 Q }. 

* 370 j*o • 

- 100 - 27.0 


% Eff. • 75.9^ 


1-28 
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R.A. McKay- 
Final Draft 


ACCEPTANCE .^VND I^^rERF.^CE TESTING 


A. PURPOSES 

1. To verify that the HPC Power Systan 76-1 (a) conqplies with the contract 
specifications as aiixxiied in Contract 954404, E;diioit 1, and HPC Draw- 
ings B13 and B14, (b) is a ccraplete and functioning subsystan in com- 
pliance with HPC Drawing B20, and Cc) is ready for delivery to JPL. 

2. To verify that the interfaces between the HPC Power Systan 76-1 and the 
JPL si;pport system are correct and to daojnstrate that the Power Systan 
and the JPL Control and Instrument Support Van function together as a 
system. 

B. APPROACH 

1. HPC assemble, prepare, and check the Power Systan in Mission Viejo. The 
preparation should include: 

a. Preset vibration switches (V^^, V,) to NC (normally closed) plus margin 
at rest. V, 

b. Preset underspeed switch (US) to NO (normally open) at -v -50 Hz. 

c. Preset higji oil taif^rature (OHT) switch to NC -150®F. 

d. Preset low oil pressure (LOP) switch to NO -10-12 psig. 

e. Preset shaft seal pressxire (SSP) switch to NO -125 psig. 

f. Preset overspeed (OS) switch to NC -2200 RFM » 66 Hz. 

g. Preset Stop (S) rate for Automatic Stop valve. 

h. Preset Stop (S) rate for Governor Override. 

i. Preset Emergency Stop (ES) rate for Automatic Stop valve. 

j. Preset Emergency Stop (ES) rate for Governor Override. 

2. JPL assenble and check the Control and Instrtanent Support Van equipment 
and associated cables in Pasadena. 
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3. When both assemblies are ready, transport Van to Missicm Viejo. Park 
along curb toward front of 25721 Obrero and order air cc»?)ressoi« for 
driving Power Systan. Coinpressors will arrive in seven days. When 
they arrive they will park along Obrero toward rear of 25721. 

4. During wait for conpressors, JPL will interface with the Power Systems 
at the terminal strips TB'’EA", TS"EB”, and TB”EC’ in the junction boxes 
a5 :,hown on HPC Drawing B20 . As part of the proceduire of interfacing 
at the terminal strips, each function possible will be checked for 
end-to-end signal to verify that the JPL and HPC wiring diagrams are 
correct and correctly executed ai^ that the nomenclature is mutually 
conpatible. Static testing will then be carried out as described 
under Static Test Procedure, Sectim C, and the Power Systan will be 
checked against Exhibit 1 and HPC Drawings B13 and B14. 

5. After the ccmpressors arrive, the Dynamic Acceptance and Interface 
Testing will be performed as described under I^namic Test Procedures , 
Sections D and E. 

6. The Load Bank Interface Testing will not be included in Mission Viejo 
because of insufficient power. Also science data instrumentation 
testing for brine parameters, pressure, tesperature, and flow rate irfill 
be postponed to the field, except that at least two unmounted taipera- 
ture and pressure measuring devices will be wired and monitored. 
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ACCEPTANCE AND INTERFACE TESTING (Cbnf d.) 


C. STATIC TEST PROCEDURE 

1. Oieck Batteries. 

2. JLmq)er LOP switch. Keep jtmpered through step C-22. 

3. Reset Bnergency Sto|» reliy to energize the safety shutdown circuit. 

4. Verify that the Exciter switch is in Uaderspeed Bypass position. 

5. Activate Data Logger and Intercoms. lag SSP 

fault. 

6. Operate pun?) #1 to priue li*e oil system. 

7. Cerate pump #2. At 125 psig monitor no fault. Pressurize 

to 150 psig. Verify that bearing and winding tsnperatures , bearing 

thrust, and throttle position are being logged. See check-list in 
.^jpendix. 

8. Mwiffintarily turn O^ey) Start switch. Throttle should open. 

Obse:.»e. Log. Stq> relay slx>uld reset. 

9. Operate pump #3 to open Automatic Stop valve fully. 

10. Press Stop button at power plant. Observe Throttle'^ and Automatic 

Stop valve close slowly. Estimate closing time of Automatic 

Stop valve. Log Throttle” position. 

11. Moinentarily turn Start switch. Throttle^ sho*ild open. Observe. 

Log. Stop relay should reset. 


b - Throttle response must be verified. It may be necessary to monitor 
the Governor Override Stop relay isntead. 


Date: Test Staff: 

Notes: 
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12. Press Stop button in Van. Observe Throttle” close and Stop relay 

trip. Estimate closing time of Throttle. Log 

Throttle^ position. 


13. Momentarily turn Start switch, 
relay should reset. 


Throttle” should open and Stop 

Log Throttle^ position. 


14. Operate pim© #3 to open Automatic Stop valve fully. 

15. Press Bwrgency Stop button at power plant. Observe Throttle^ 

and Automatic Stop valve close rapidly. Estimate closing 

time of Automatic Stop valve. Log Throttle^ position. 


16. Reset Bnergency Stop relay. 
Stop realy reset. 


_ Observe Throttle” open and Bnergency 
Log Throttle^ position. 


17. Press Bnergency Stop button in Van. 

and Bnergency Stop relay trip. 

Throttle^. Log Throttle^ position. 


Observe Throttle close 
Estimate closing time of 


18. Reset Bnergency Stop relay. 
Stop relay reset. 


Observe Throttle” open and Bnergency 

Log Throttle^ position. 


19. Ifederset or otherwise trip vibration switch V, . Observe Throttle^ 

^ ~ u 

close and Stop relay trip. Log fault and Throttle” 

position. Reset Vj^. Log no fault. Turn 

Start switch mentarily. Throttle*’ should open and Stop relay 

should reset. Log Throttle*’ position. 


b - Throttle response must be verified. It may be necessary to monitor the 
Governor Override Stop instead. 

Date: Test Staff: 

Notes: 
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20, IMderset or otherwise trip Vibration switch V 2 , 


Observe Throttle 


close and Stop relay trip. 


Log V_ fault and Throttle 


position. 


Reset V-. Log no fault. 


Turn Start 


switch. Observe Throttle open and Stop relay reset. 
Log Throttle'^ position. 


21. Open OHT circuit. 


Observe Throttle close and Stop relay trip, 
b 


Log OHT fault and Throttle position. 


Restore (HI circuit. 


TUm Start switch. 


Observe Throttle'^ 


open and Stop relay reset. 


22. Turn Exciter switch to On position to open US bypass. 


Observe 


Throttle^ close and Stop relay trip. 

Throttle^ position. 

Log no fault. 1\im Start switch 

open and Start relay reset. 


Log US fault and 

Tlim Exciter switch to US bypass. 

b 


Observe Throttle 
b 


Log Throttle position. 


23. Remove jumper from LOP switch. 
Stop relay trip. 


Observe Throttle close and 


Log LOP fault and Throttle” position. 


24. Open battery circuit by pressing Emergency Stop button. Log all 

bearing and winding taiperature data. Refer to check-list in 

Appendix. 

25. Turn off Data Logger. 1\im off Intercoms. 


b - Throttle response must be verified. It may be necessary to monitor 
the Governor Override Stop instead. 


Date: Test Staff: 

Notes: 
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ACCEPTANCE AND INTERFACE TESTING (Cont’d.) 


D. DYNAMIC TEST PROCEDURE: MODIFIED START, RUN, STOP 

1*^. Deactivate Governor Override relay for Stop circuit. Install 

circuitry with auxiliary switches to peimit bypassing the OS switch and 
place a meter across the OS switch terminals. _____ Leave bypass cir- 
cuit in safety position. 

2. Inspect the Power Plant, Van, and Cables for readiness. 

Verify that Main Circuit Breaker is open. 

3. Check Batteries. 

4. Reset Emergency Stop relay to energize the safety shutdown circuit. 

5. Verify that Exciter switch is in Underspeed Bypass position. 

6. Verify that Automatic Stop and Maniaal 8" gate valves are closed. 

7. Turn on conpressors . O^car ear protection as necessary.) 

8. Open Manual gate valve fully. 

9. Operate pump #1 to prime lube oil system. 

10. Open shaft guard #1. Manually roll over power train. 

Close guard. 


c - This step permits OS switch bypass but retains manual ES shut-down via 
Governor Override from Power sytem and in Van. 


Date : Test Staff ; 

Notes ; 
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11. Activate Data Logger and Intercoms. Log LOP 

fault and SSP fault. 

12. Hold Start switch on. Log SSP fault. Operate pu^^) ^2 

to provide 150 psig oil. Log no fault. Observe Throttle 

open. Log Throttle position. Cycle Exciter switch. 

Log US fault. 

13. Kith Start switch still on, operate pun^) #3 to partly open Automatic 

Stop valve. Rotation should start. Watch Tachometer and 

drive fluid pressure. Watch oil pressure to bearings. 

Release Start button slightly below LOP setpoint . 

Observe Automatic Stop valve close slowly, stopping rotation. 

log iX)P fault. Log engineering data. See check list in Appendix. 

14. With Start switch held on, operate pun^) #3 to partly open Automatic 

Stop valve. Observe rotation. Monitor Tachometer 

and drive fluid pressure. Monitor oil pressure to bearings. Release 

Start button when oil pressure is above LOP setpoint. Observe 

plant continue to run, throttled by Automatic Stop valve. 

log no fault. 

15. Verify that lube oil reservoir ten^jerature is above 60*F. Otherwise, 

wait until it is. Then continue to open Automatic St(q> valve 

to bring plant to standard operating speed. Observe Governor 

take over. Monitor RPM and adjust Governor as necessary. Open 

Automatic Stop valve sligjitly more. 

16. Partly close Manual gate valve until plant begins to slow. ^ Open 

Automatic Stop valve fully, closing Nfanual gate valve in alternate 
increments if necessary to hold plant speed nearly constant. 


Date: Test Staff: 

Notes: 
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Transfer speed control to Manual gate valve with Governor adjusted 
for full ‘nirottle. 

17. Prop Automatic Stop valve about 7/8 open. 

18. With Manual gate valve, adjust speed to standard operating 

Check operation of two or three times by adjusting sensitivity 

and adjust for normal plant operation. Log Vj^ fault and th n 

no fault. Obser/e Automatic Stop valve close against 

the prop. Turn Start switch to reset Stop re? ay. 

Operate pump #3 to open Automatic Stop valve fully. ______ Check 

operation of V 2 two or three times by adjusting sensitivity and adjust 

for nonnal plant operation. ______ Log V 2 fault and then no fault. 

Observe Automatic Stop valve close against tne prop. 

Turn Start switch to reset Stop relay. Operate pun?) #3 to 

open Automatic Stop valve fully. 

19. Bypass OS switch and turn on meter. With Manual gate 

valve and tachometer, check OS trip RPM. Note RPM at )diich trip 

occurs. If t. p does not occur before 111 overspeed, (see Rotor 

RPM table) , set overspeed at 101 , (see table) , and adjust OS trip to 

just open. Then reduce RPM gradually to determine RFM at which 

OS trip closes. Verify that OS trip opens on rising RPM. 

Reduce speed to close OS switch and terminate bypass of OS 

switch. During this step, continuously monitor RPM and press 

Bnergency Stop if RB! exceeds 2400 RPM. 


d - or adjust speed to a vibration node if one appeared during start-up. 


Date: Test Staff: 

Notes; 
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1 Rotor RPM 1 

Rotor Set 

Male 

Female 




Overspeed I 




10« 

111 

Low Speed 

3000 

2000 



Medium Speed 

4000 

2667 

2933 


High Speed 

5000 

3333 

3667 



20. Adjust Manual gate valve so that speed caniwt reach lOt overspeed 

(See Rotor RPM table) with Throttle wide open. Then reduce 

speed to standard RPM with Governor and Throttle. 

21. Open (MT circuit. Log OHT fault. Observe Automatic 

Stop valve close against the prop. Reconnect circuit. 

Log no fault. Turn Start switch to reset Stop relay. _______ 

Operate punp #3 to open Automatic Stop valve fully. Remove 

prop. 

22. Turn on Exciter. Observe volt meter and frequency meter at 

Power Plant. Observe same in Van. Log 

voltage and frequency. Conpare. 

2Z. Adjust voltage at Power Plant. Check remote voltage adjustment 

capability. 

24. Adjust frequency to 60 Hz at Power Plant. Check remote frequency 

adjustment capabili-/. 

25. Check operation of oil cooler fan. Direction. 


Date: Test Staff: 

Notes: 
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26. Check operation of ammeter at Power Plant. 

27. Check Main Circuit Breaker remote trip operation. 

28. Check greaser operation. Set pressure at Pj^ + 100 psi. 

29. Using Manual gate valve, reduce RPM to monitor US trip speed. 

Observe Automatic Stop valve close and Plant stop. 

Log US fault. 

30. Press Siergency Stop button to open battery circuit. 

31. Reactivate Governor Override relay for Stop circuit. Remove 

meter and bypass circuit from Overspeed switch and replace leads on 
NC terminals. 


Date: Test Staff: 

Notes: 
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ACCEPTANCE AND INTERFACE TESTING (Cont'd.) 


E. DYNAMIC TEST PROCEDURE: SDH-NORMAl START, RUN, STOP 

1. Walk around Plant inspection. Verify that Main Circuit Breaker 

is open. 

2. Check battery. 

3. Reset ES relAy. 

4. Place Exciter switch in US Bypass position. Verify that oil 

cooler fan is in On position. 

5. Activate Data Logger and Intercoms Log LOP fault 

and SSP fault. Log engineering data. _______ 

6. Open Manual gate valve folly. 

7. Operate punq) #1 to prime lube oix system. 

8. Operate pun^) #2 to provide 150 psig oil. LOP fault only. 

9. Hold Start switch on. Observe Throttle open. _______ 

10. While holding Start switch on, operate punop #3 to open Automatic Stop 

valve part way. Watch Tachometer and driving pressure. 

Watch oil pressure to bearings . Release Start switch vdien 

pressure exceeds LOP point ('v^l2 psig) . Plant will continue to 

run, throttled by Start/Stop valve. 

11. Verify that lube oil reservoir tenperature is above 60*F. Otherwise, 

wait until it is. Then continue. Open Automatic Stop valve to 

bring Plant to standard operating speed, shifting control to the Governor 

and Throttle. Open Automatic Stop valve folly. Monitor RPM 

and adjust Governor as necessary. 

Date: Test Staff: 

Notes: 
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12 Turn on Exciter. Watch Volcineter and Frequency Meter at Power 

Plant. Look for Animeter response. Adjust 

frequence/ to 60 Kz with Governor. Adjust voltage to ^80 V. 

13. Check Oil Cooler air flow. 

14. Cycle the Exciter to check the Governor response. Monitor effect 

on frequency. 

15. Operate plant three !iours. Log engineering dat?. Refer 

to check-list in Appendix. Verify Grease* operation. 

16. Press Stop button in v^an. Observe Automatic Stop valve slowly 

close and bring Plant to a stop. 

17. Turn off Data Logger. Turn off Intercoms. 

18. Press ES button to opoi Battery circuit. 

19. Shut off coirpressof s . Bleed off air. 

20. Close Manual gate valve. 


Date: Test Staff: 

Notes: 


- 12 - 


K12 



APPENDIX 


CHECKLIST: ACCEPTANCE AND INTERFACE TESTING GUIDE 


IT04 PRESET SIGNAL STATIC DYNAMIC DYNAMIC 

CHECK TEST C TEST D TEST E 



Bla 

B4 

Q9 

— 

D18 


^2 

Bla 

B4 


D18 


US 

Bib 

B4 

C4,22 

D5,28 


ok: 

Blc 

B4 

C21 

D21 


LOP 

Bid 

B4 

C2,23 

Dll ,13, 

ES,10 





14 


SSP 

Ble 

B4 

C7 

D12 

E5,8 

OS 

Blf 

B4 


D19 


Local S 



ao 



RejDOtfe S 


B4 

C12 


H6 

Local ES 



as 



Remote ES 


B4 

Q7 



S valve 

Big 


CIO 



S rate, throttle 

Blh 


C12 



ES rate, valve 

Bli 


CIS 



ES rate, throttle 

Blj 


Q7 



Governor 




D15 

Ell ,14 

Exciter 




D22 

E12 

Voltage adjust, local 




023 

E12 

Voltage adjust, remote 


B4 


D23 


Frequency adjust, local 




D24 

E12 

Frequency -adjust, remote 

1 

B4 


D24 


Anuteter, local 




D26 


Oil Cooler fan 




D25 

E13 

Greaser operation 




D2B 

H5 

Main Breaker trip remot 


B4 


D27 


Throttle Position 


B4 

C7 

D12 

E15 

Throttle Bearing 1 


B4 

C7 

B12 

E15 

It M 2 


B4 

C7 

D12 

E15 

&q)andor Bearing Temp 1 


B4 

C7 

D12 

E15 
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APPBTOIX (Cont’d.) 


Ejqjander Bearing Tenp 2 


B4 

mm 

— 

E15 

It It II 3 


B4 



E15 

ff fl tf ^ 


B4 

C7 


EIS 

" " " 5 


B4 

C7 

D12 

E15 

n ft ft 

o 


B4 

a 

D12 

E15 

Alternator Bearing Tenp 1 


B4 

a 

D12 

E15 

It ft It 2 


B4 

a 

D12 

E15 

" Winding " 1 


B4 

C7 

D12 

EIS 

It If II 2 


B4 

C7 

D12 

E15 

It II II 3 


B4 

C7 

D12 

E15 

II II II ^ 


B4 

C7 

D12 

E15 

II II II 5 


B4 

C7 

D12 

E15 

.1 II II 6 


B4 

C7 

D12 

EIS 

Intercom 


B4 

C5 

Dll 

E5 

I. remote 


B4 


D12 

E15 

KW remote 


B4 


D12 

EIS 


-14- 


K14 



Revised 12/01/77 
For Test of 12/04/77 


ACCEPTANCE AND INTERFACL "^TING (coatd) 

D. DYNAMIC TEST PROCEDURE: MODIFIED START, RUN, STOP 

1. Install circuitry with auxiliary switches to permit b 3 rpasslng the OS switch. 

(This is accomplished by placing a switched jumper across the OS relay 

output and an auxiliary switch In the OS switch output circuit. The switched 
ju^>er requires two switches in series, one at the start station and one at 
the backup RPM aunltor station. ) 

Place a meter across the OS switch terminals. Leave all three switches 

in closed (on) position. 

2. Activate the data logger and Intercons. 

3. Qieck for SSP fault , LOP fault , US fault , OS no fault 


4. Open auxiliary switch in OS switch circuit (near OS switch). Log OS 

fault. 

5. Jumper US and OS in Van. Log US no fault and OS no fault 


6. Inspect the Power Plant, Van, and Cables for readiness. 

Verify that Main Circuit Breaker is open. Set Inhouse breaker off. 

Record cumulative operating time. 

7. Operate pump #1 to prime lube oil system. 


Date: Test Staff: 

Notes : 
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8. Open shaft guard #1. Manually roll over power train. 

Leave guard open to permit use of surface speed tachometer. 

9. Check batteries. Close battery switch. Log SSP no fault. 

10. Reset Emergency Stop relay to energize the safety shutdown circuit. 

11. Verify that Exciter switch is in Underspeed Bypass position. 

12- Verify that Automatic Stop and Manual 8” gate valves are closed. 

13. Turn on compressors. (Wear ear protection as necessary.) 

14. Open Manual gate valve about 1/3. 

15. Check nitrogen pressure. Recharge if necessary. 

Log engineering data. See checklist in Appendix. 

16. Hold Start switch on. _____ Observe Throttle open. 

17. With Start switch still on, operate pump #3 to partly open Automatic Stop 

valve. Rotation should start. Watch Tachometer and drive 

fluid pressure. Watch oil pressure to bearings. 

Release Start button slightly below LOP setpoint. Observe Automatic 

Stop valve start to close slowly. Arrest with Start switch. Log LOP 

fault. 

18. With Start switch held on, operate pump #3 to partly open Automatic Stop valve. 

Observe rotation. Monitor Tachometer and drive fluid pressure. 

Monitor oil pressure to bearings. Release Start button when oil pres- 
sure is above LOP setpoint. Observe plant continue to run, throttled by 

Automatic Stop valve. Log LOP no fatilt. Observe US fault at 

plant. 


Date: Test Staff: 

Notes : 
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19. Verify that lube oil reservoir tesperature is above 60*F. Otherwise, wait 

until it is. Then continue to open Automatic Stop valve to bring 

plant to standard operating speed according to the following schedule. 

a. Hale rotor 1500 RPM for 10 minutes (1/2 speed). Start time. 

End time. 

b. Transfer control to governor at 1800 RPM. 

c. Adjust governor and autcHaatlc stop valve alternately to bring speed to 
2500 Rm (50 Hz). 

d. Excite governor. Bring speed to 2750 RPM. (55 Hz) 

e. Turn on Inhouse breaker. Check operation of oil fan. 

f. With governor, slowly bring speed to 3000 RPM (60 Hz). Run 10 

minutes under governor control. Start time. While running 10 

minutes or im>re at normal speed, perform steps g through k. 

g. Adjust volta^ at power plant to 480 V. Check remote voltage 

adjustment capability. 

h. Adjtxst frequency to 60 Hz at Power Plant panel. Check remote 

frequency adjustment capability. 

I. Check operation of ammeter at Power Plant. 

J. Check greaser operation. Set pressure at Pj^ to 100 pal. 

k. Calibrate tachometer with frequency neter at 60.0 Hz. Tachcnneter read- 
ing. Calculate expected reading for 65.0 Hz and enter in step 

24. Calculate expected reading for ^6.6 Hz and enter in step 

25a. 


Date: Test Staff: 

Notes : 
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20. Close Stop metering valve for Automatic Stop valve. 

21. Hold speed to standard operating RPM or adjust speed to a vibration node if one 

appeared during startup. Check operation of two or three times by adjusting 

sensitivity and adjust for normal plant operation. Log fault and 

then no faiilt. Turn Start switch to reset Stop relay. 

Check operation of two or three times by adjusting sensitivity and adjust 

for normal plant operation. Log fault and then no fault. 

Open Stop metering valve. 

22. With speed adjusted to standard (60.0 Hz generator and 3000 RPM male rotor) 

cycle exciter to monitor speed change. Note tachometer speed change. 


23. Turn on voltmeter to monitor OS switch. 

24. Increase speed to 65.0 Hz and check tachometer for correct reading. Theoreti- 
cal =■ 3250. Calculated. Observed. 

25. If observed tachometer reading does not correlate well with the calculated 
value, step 23, leave exciter on and set OS switch at 65 Hz using frequency 
meter as speed reference. Adjust OS switch to open at high end of frequency 

meter. Reduce speed with governor and note speed at which OS switch 

closes. Increase speed until OS opens to verify setting. 

Repeat as necessary. 

25a. If observed tachometer reading does correlate well with the calculated value, 
step 23, turn off exciter and set OS switch using tachoiKter as speed refer- 
ence. During this step, contimwusly monitor RPM and trigger EBargency Stop 
if RPM exceeds 3450 RPM. Adjust speed to 11% overspeed equal to 3330 RPM 
male rotor shown on the tachometer as RPM calculated in step 19k. 
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Set OS switch to just open at this speed. Reduce speed with governor 

and note speed at which OS switch closes. Increase speed until OS 

opens to verify setting. Reduce speed to close switch and 

repeat procedure as necessary. 

26. Reduce speed to normal and excite generator . 

27. Terminate bypass of OS switch by first closing bypass switch and then 

opening bypass jumper . 

28. Remove US fault signal jumper and OS fault signal jumper in 

Van. 

29. Using Manual gate valve, reduce RPM to monitor US trip speed. 

Observe Automatic Stop valve start to close. Log US fault. 

Press ES at RPM * 1500 if possible and monitor Automatic Stop valve. 

Log engineering data at Intervals until restart. 

30. Open battery circuit. 

31. Remove meter from Overspeed signal terminals. 

32. Remove jumper from OS relay output. Reconnect lead to OS switch output 

terminal. 

33. Close Manual gate valve. 


Date: Test Staff: 

Notes : 


K19 



ACCEPTANCE AND INTERFACE TESTING (Cont'd.) 


E. DYNAMIC TEST PROCEDURE: SEMI-NORMAL START, RUN, STOP 

1. Walk around Plant inspection. Veirify that Main Circuit Breaker 

is open. ^Place Exciter switch in U.S. bypass position. 

Set inhouse breaker off. 

2. Manually roll over power train and re-install guard. 

3. Log engineering data. 

4. Operate pump )fl to prime lube oil system. 

5. Close battery switch. 

6. Reset ES relay. 

7. Open manual gate valve about 1/3. 

8. Check nitrogen pressure. Recharge if necessary. 

9. Hold Start switch on. Observe throttle open. 

10. While holding Start switch on, operate pump #3 to open Automatic Stop 

valve part way. Watch Tachometer and driving pressure. 

^Watch oil pressure to bearings. ^Release Start switch when pressure 

exceeds LOP point ( ''-12 psig. ). Plant will continue to run, throttled 

by Start/Stop valve. 

11. Verify that lube oil reservoir temperature is above 60**F. Otherwise, 

wait until it is. Then continue. Open Automatic Stop valve to 

bring Plant to standard operating speed, shifting control to the Governor 
and Throttle. Open Automatic Stop valve fully. ^nitor 

RPM and adjust Governor as necessary. 
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12. Turn on Exciter. Watch Voltmeter and Frequency Meter at Power 

Plant. Look for Ammeter response. Adjust 

frequency to 60 Hz with Governor. Adjust voltage to 480 V. 


13. Check Oil Cooler air flow. 


14. 

Cycle the Exciter to check 

the Governor response. 

_Monitor effect 


on frequency. 



15. 

Operate plant three hours. 

Log engineering data. 

Refer 


to check-list in Appendix. 

Verify Greaser operation. _ 


16. 

Press Stop button in Van. 

Observe Automatic Stop 

val\e slowly 


close and bring Plant to a 

Stop. 


17. 

Turn off Data Logger. 

Turn off Intercoms. 


18. 

Press ES button to open Battery circuit. 


19. 

Shut off compressors. 

Bleed off air. 


20. 

Close Manual gate valve. 
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SITE SCHE/MTIC 


As of 
5/23/78 


msn 

TANK 


j POWER SYSTEM 1 

'iS&i 


,HCV, 

It. S1JAM 
“pL, (VAPOm 
^rtS, 


STEAM O 


ifnr 


UT 

SECTION ^ 


tE(59i O 

p-MESSURE 

t-IEMPERATURE 

lii-aOWMIE 

HCV - HAND CONTROL VALVE 
ICV 'lEVa CONTROL VALVE 
PCV • PRESSURE CONTROL VALVE 


P.P. CO, 
DISPOSAL 


EPARATOR 


, p.p.ca 

TPRCXIUCTION 

WEUSA-J 


TEST FACiLtTY SCHEMATIC 


00 
4-1 >s. 

o 


4 ? 
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PROCESS ROMENCLATDRB 


recycle liquid temperature, ^ 
tg separator water supply temperature, °P 

to combined separator water supply and recycle temperature, 

tf liquid feed temperature, °F 

t^ expands.' inlet temperature, 

Ql expander inlet quality, X 

Pi expander inlet pressure, psia 

Pf liquid feed pressure, psia 

Tsup amount of superheat of the steam, ^ 

Pv steam feed pressure, psia 

Pg separator pressure, psia 

p,^ waste liquid pressure to flow control valve 

waste liquid flowrate, 1000 #/hr 
recycle liquid flowrate, 1000 #/hr 
mg liquid flowrate from separator, 1000 #/hr (» af - mp) 

mf liquid flowrate to inlet mixing manifold, #/hr or 1000#/hr 

^ steam flowrate to inlet mixing manifold, #/hr or 1000 #/hr 

Lg liquid level in separator, in. 

Ly liquid level in waste tank, in. 

"/h rate of change of liquid level in waste tanks, in/hr 

Trt % linear throttle position as percent of fully open 

kW electrical output of alternator 

freq frequency of electrical output 

eff X engine efficiency of helical screw expandc. , actual shaft 

power/theoretical shaft power 

Brg t temperature of hi^ speed rotor thrust bearing, 
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expander outlet pressure, psia 
expander outlet temperature, 
expander outlet quality (steam fraction), X 
steam feed temperature, 
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ORIGINAL PAGE IS 
F POOR QUALITY 


K . W. 


APROX SEAL 


GREASE 


I GEAR I 


GEAR N*2 


GEAR N*3 


GEAR N«4 


8APETV N-t 


SAFETY OIL 


SHUTOFF GATE POSITION 



SEAL FILTER 


igI oil resevoir level 


MAIN FILTER N<> I 


MAIN FILTER N” 2 


22 I WATER PUMP 


23 I WATER FILTER 


FLUSH WATER FLOW N' 


FLUSH WATER FLOW N 


2 6 FLUSH WATER FLOW N 


27 1 FLUSH WATER FLOW N 


CENTRIFUGE WATER FLOW 


;g air compressor 


iO I GREASE VEE BALL 


M- I I P . W . 


RECIRCULATION FILTER 


WATER RESEVOIR LEVEL 


mI before VEE BALL 


AFTER VEE BALL Pz 


16 1 VEE BALL CONDITION 


NLCT TEMPERATURE 



































































